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La presente tesi ha come oggetto lo studio delle "colonne calce-cemento",
una tecnica nata in Svezia alla fine degli anni ’70 e che ha trovato pro-
gressivamente un largo impiego soprattutto nei Paesi Scandinavi, Olanda e
Giappone. Essa è utilizzata per migliorare le caratteristiche meccaniche di
terreni a grana fine, aventi proprietà molto scadenti, e si possono utilizzare
fino a profondità medio-elevate (circa a 30m).
La tesi, frutto di un tirocinio di 4 mesi presso uno studio di progettazione
di Stoccolma, mira a presentare un’applicazione del metodo, evidenziando
le ragioni che hanno portato alla scelta di questa tecnica come metodo
di rinforzo, ma anche analizzando gli effetti del miglioramento che si pos-
sono ottenere in termini di maggior stabilità meccanica e diminuzione dei
cedimenti. Comprende una parte teorica di introduzione al metodo delle
colonne calce-cemento, con particolare attenzione alle prescrizioni riportate
nella normativa svedese, e una parte pratica con la descrizione dell’area di
studio, dell’intervento, i calcoli e le analisi dei cedimenti e della stabilità.
L’area di studio è situata in una zona di residenza estiva fuori Stoccolma
che prevede di essere trasformata in zona residenziale permanente, dove
quindi si prevede di intervenire con un potenziamento del sistema viario che
richiede la costruzione di alcuni rilevati stradali e scavi sotto falda. Il ter-
reno presente è composto da terreni argillosi e organici con caratteristiche
e spessori variabili da sezione a sezione. A tale proposito, per facilitare
l’esecuzione dei calcoli, il tracciato stradale è stato diviso in 4 tronchi aventi
stratigrafia abbastanza omogenea, in termini di spessore dell’argilla, di val-
ore di resistenza al taglio e di parametri di deformazione.
I cedimenti sono stati calcolati mediante il metodo edometrico, a partire
dai parametri deformativi ricavati su alcuni campioni indisturbati di ter-
reno con la prova CRS: è stata eseguita anche un’analisi di sensibilità volta
ad individuare i parametri che più influenzano i cedimenti e la loro possibile
variabilità in funzione dell’eterogeneità del suolo. Per completare l’esame
del progetto sono state eseguite alcune analisi di stabilità con il metodo
dell’equilibrio limite evidenziando come in condizioni naturali i terreni non
garantiscano la stabilità degli scavi.
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Nell’ultimo capitolo si esaminano i vantaggi tecnici ed economici che
inducono a utilizzare la stabilizzazione calce-cemento e si effettua una va-
lutazione dei cedimento ottenibile con il trattamento. Infine, le analisi di
stabilità dopo l’intervento sono state svolte cambiando i valori della re-
sistenza al taglio fino a individuare i valori minimi necessari al fine di avere
una situazione di completa sicurezza, e da questi è stato possibile calcolare
l’interasse tra le colonne necessario per ottenere l’effetto di rinforzo desider-
ato.
Il lavoro termina con alcune conclusioni atte ad evidenziare il notevole
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a (Täckningsgrad) ratio of total column area to total area of reinforced soil
A area of cross section of columns
c distance between column centres
c1 columns distance for a single columns pattern
c2 columns distance for a slab columns pattern
c3 columns distance for a slab columns pattern (overlapping)
cs effective cohesion of the slice
cuk characteristic undrained shear strength
c
′
k characteristic effective cohesion
cv vertical consolidation coefficient
ch coefficient of consolidation for horizontal flow
dcol diameter of columns
d vane width
E1s, E2s forces acting on a slice
Ecol elasticity modulus of the columns





kclay permeability of the un-stabilized clay
kcol permeability of the columns.
LD drainage length
ls width of each slice
ML compression modulus
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M0 modulus below pre-consolidation pressure
M
′ modulus number
Mclay compression modulus of the clay
Mcol compression modulus of the columns
Mt torque moment
Mstab stabilizing moment on the slice
Mun−stab un-stabilizing moment on the slice
n ratio of influence radius of column to column radius
Ns force acting on a slice
Q net penetration resistance
q total load on the reinforced area
q1 load carried by single column
q1max maximum load carried by single column
q2 load carried by un-stabilized clay
qt point resistance (CPT)
R influence radius of column
r column radius
Rs radius of the sliding surface
Ss force acting on a slice
S1 settlement in column
S2 settlement in un-stabilized clay
Seff stabilizing effect
t time of consolidation
Th time factor
U degree of consolidation
u water pressure
w water content
Ws weight of each slice
wL liquid limit
X1, X2 forces on a slice
Greek symbols
γ specific weight






′ effective vertical stress
σ
′







σh horizontal stress on columns
σult ultimate strength of columns
τ shear strength
τcol undrained shear strength of the columns
τfdk/fuk drained/undrained shear strength
τstab shear strength of the stabilized soil
τun−stab shear strength of the un-stabilized soil
νcol Poisson ratio of the columns
φ internal friction angle
φ
′
k characteristic effective angle of internal friction
Acronym
CPT : cone penetration test
DJM : dry mixing methods
DMM : deep mixing methods
SF : safety factor
GWT : ground water table
Jb2: soil/rock probing test
LCC: Lime-Cement columns
LCN : line of normal consolidation
OCR: over-consolidation ratio
SGI: Swedish geotechnical institute
SlB: percussion sounding test
Tr: pyramid penetration test




Stockholm is the capital of Sweden and also the most populated city in the
Nordic countries. It is located on the south-central east coast of Sweden
in fact it is exposed on the Baltic Sea and it is formed by a lot of islands,
which compose the Stockholm’s archipelago.
Its urban area has a population of more one million people, and if we consi-
der the entire metro area around Stockholm its population exceeds the two
million people, on a total of 10 million people in the whole Sweden. This
means that the concentration of people in Stockholm area is very high, and
according to the statistics it is set to increase in the next years.
Stockholm city has been constructed on soft marine clays which are subjec-
ted to important settlements, and being a boomtown its future is to grow
on this type of soil. For this reason in the middle of 1970 a new method for
stabilizing soils has been developed in the Nordic countries, and in the fol-
lowing decades is has been subjected to a large research and improvement.
This method is currently widely common in the whole world, and it is called
Lime-Cement Columns method. It consists in the creation of strong and
resistant columns by mixing the soil with some binders as lime and cement,
with the aim to avoid the settlements and to improve the stability of even-
tual excavations.
This thesis is the result of a study of theoretical knowledge but also of
practical work, which has been developed during a 4 months internship in
Sweden.
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The thesis is organized in this way:
• The theoretical background is reported in chapter 1 through the se-
veral sub-chapters, mainly focused on the Lime-Cement columns and
their Swedish regulations.
• The practical part starts with chapter 2 which is focused on the geo-
graphical location and the geotechnical conditions of the soil in the
study area. The main road of the study, Dalvägen, has been divided
into 4 different areas, and for each area a geotechnical model of the
soil has been created. The division is based on the thickness of clay,
the shear strength and the deformation parameters; 4 colours have
been confered to each area to distinguish between they.
• In chapter 3 there is the description of the CRS test, which is used to
obtain the deformation parameters which are necessary to calculate
the settlements. The used method of settlement calculation in the
clay is described and the results of the settlements are presented for
each area.
• In chapter 4 there is the description of the slope stability analysis
with the two methods of Bishop and Fellenius, and the resulting slope
stability analysis of each area is reported.
• In chapter 5 the reason for using the Lime-Cement columns is ex-
plained, in both practical and economical point of view. It continues
with the description of the method of settlements calculation after
reinforcement with the Lime-Cement columns and the results are re-
ported. Then the shear strength of the clay is increased to reach the
correct safety factor and this permits to make a planning of the co-
lumns necessary for the stabilization. The improvement reached using
this method is highlighted through the several results.







The Lime-Cement columns is classified as a deep mixing method and also
as a dry mixing method, so some knowledge about these general categories
are necessary.
1.1 Deep mixing methods
The deep mixing methods are techniques used since 1970/1980 to stabilize
soft soil improving their geotechnical and engineering properties, in parti-
cular the shear strength and the deformations properties. These methods
were born simultaneously in Sweden, Finland and Japan due to the ne-
cessity to build new infrastructures on bad quality soils, because of the
over-population in the urban areas. In fact, both in Japan and in Sweden
we can often find important layers of soft alluvial or marine clay which
need to be stabilized. Currently these techniques find several applications
in (Holm, 1999 & prEN 14679, 2005):
• ground improvement;
• improvement of slope stability (structures and embankments);
• reduction of settlements (embankments and structures);
• support of slopes and excavations;
• improvement of bearing capacity;
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• reduction of vibrations and their effects on structures;
• seismic and liquefaction mitigation;
• construction of containment structures;
• immobilization and/or confinement of waste deposits or polluted soils.
The operating principle of these methods is the injection of different stabili-
zing agents called binders which are mixed with the soil creating a uniform,
homogenous, and more resistant structure.
These methods are now very common because from an economical point
of view they are very competitive and have some advantages compared to
other techniques (Broms, 1999), but also thanks to their high reliability.
Several categories of the methods exist, mainly distinguished on the type
of binders, its type of injection and the mechanism of mixing (Bruce et al.,
1998):
• the most used binders are cement, lime, lime-cement, gypsum and
ash. The choice of the binder depends on many factors, included
the composition of the soil, the geotechnical characteristics and the
desired depth of work;
• the two types of injection of the binders are the wet deep mixing
methods and dry deep mixing methods. The main difference between
the two is that in the wet methods the binders are injected through
the water, while in the dry methods the binders are injected through
compressed air;
• the two corresponding types of mechanism of mixing are the rotary
mixing and the jet-assisted mixing.
The mixing process is one of the most important stages that affect significan-
tly the improved properties of the stabilized soil. The installation process
of the columns in the Nordic countries can be divided in three principal
phases (Larsson, 2005):
• penetration of the mixing tool to the desired depth, usually at a rate
of 100 mm/rev;
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• dispersion of the binder all over the cross section of the columns.
In this phase it is necessary to reach a complete remoulding of the
clay, because this leads the clay to release water which is available for
wetting the lime and the cement. More than this, the dispersion of
the binder is favored by the complete disaggregation of the soil;
• molecular diffusion: there is the migration of the calcium ions from the
stabilized soil into the un-stabilized soil, but it is difficult to evaluate
the extent of this process.
Essentially, the deep mixing methods lead to a reinforcement of the soil
thanks to the mixing of this with the stabilizing agents, creating resistant,
stiff and strong columns. A simple representation of the construction of the
columns is showed in Figure 1.1.
Figure 1.1: Construction sequence of the columns in a DMM method (Raito
kogyo co., ltd, DJM system).
The improved properties of the soil must be verified by field tests, becau-
se the laboratory tests on prepared specimen can’t provide accurate shear
strength and deformation properties (Larsson, 2005).
Specifically, the several factors that affect the soil improvement are reported
in Table 1.1.
23
Characteristics of the binder 1. Type of binder
2. Quality of binder
3. Mixing water and additives
Characteristics and conditions of the soil 1. Physical, chemical and
mineralogical properties of soil
2. Organic content
3. pH of pore water
4. Water content
Mixing conditions 1.1. Degree of mixing
2. Timing of mixing
3. Quantity of binder






Table 1.1: factor affecting the soil improvement (Terashi 1997).
1.1.1 prEN 14679 for deep mixing.
In 2005 the European Committee for Standardization (CEN) published the
document prEN 14679, which is the Eurocode regarding the “Execution of
special geotechnical works – Deep Mixing”. This is a European standard and
it establishes the general principles for the execution, testing, supervision
and monitoring of deep mixing works, including both dry and wet methods.
The standard is referred to methods that involve (prEN 14679, 2005):
• the mixing by rotational mechanical mixing tools where the lateral
support provided to the surrounding soil is not removed (substantially
is doesn’t include the mass stabilization);
• the treatment of the soil to a minimum depth of 3 m;
• different shapes and configurations, consisting in single columns, pa-
nels, grids, blocks, walls or any combination of more than one single
column, overlapping or not;
• treatment of natural soil, fill, waste deposits and slurries.
Moreover the standard gives instructions about:
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• the geotechnical investigations that permit to fix the ground condi-
tions, the physical, the mechanical, the environmental, the chemical
and biological characteristics;
• the materials used, that have to comply with European or national
standards. In fact, the properties of the binder must be investigated by
laboratory and in-situ tests, the quantity of binder along the column
shall be measured during the installation and the speed of rotation, the
rate of penetration and retrieval of the mixing tool shall be adjusted
to produce sufficiently homogeneous treated soil;
• the supervision and the monitoring during the construction of the
columns and the testing after the construction, that has to veri-
fy the strength characteristics, the deformation properties and the
homogeneity of the columns.
The principles of execution of the deep mixing methods are then summarized
as showed in Figure 1.2.
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Figure 1.2: principle of execution of DDM (prEN 14679, 2005).
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1.1.2 Dry mixing methods.
The DJM was developed first in Scandinavia around 1970 and currently it
is still used to reduce the compressibility and increase the resistance of soft
clayey soils. As already mentioned the dry mix methods inject the binders
in the soil through compressed air. A proper pressure of the injected air
is one of the most important parameter, because if the pressure is too low
the binder may not spread to the whole cross-sectional area of the column,
while if the pressure is too high there will be problems of air entrainment
and ground movement (prEN 14679, 2005).
A representation of the equipment of a DJM method is showed in Figure
1.3.
Figure 1.3: principle of execution of DJM (prEN 14679, 2005).
We can notice that the air is given by a compressor and then contained in an
air tank; on the other hand, a truck transports the binders at the working
site and discharge they in a binder silo. After that, the air and the binders
are carried in a single pipe that goes to the DJM machine, which will inject
the resulting blend in the soil while mixing all.
Since the method doesn’t provide for the use of water, the soft soil where the
DJM is applied should have a water content of at least 20 % (Shenghua et al.,
2012). Alternatively, some additive to lime and cement as ash or gypsum can
be added; these additive have the skill to promote pozzolanic reactions. This
type of chemical reaction happens when silicaceous or aluminous materials,
in presence of water and calcium hydroxide, form cemented products (Esrig,
1999).
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Obviously, as every method the DJM methods present some advantages but
also some disadvantages. As part of the advantages, if compared with the
columns produced with the wet techniques, the columns formed with DJM
methods present higher shear strength, produce less noise, less vibrations
and less spoil material, and less binder to inject is required (Bruce, 2000).
As part of the disadvantages, the most important and limiting factor is
that only a limited range of soils and with a minimum water content can be
treated. (Lang et al., 1999). During the past, another limiting factor was
the maximum depth of treatment, which was around 15− 18 m, while now
it has been significantly improved up to 25− 30 m.
Several configurations of the method exist producing columns of different
diameter and length, but the factor that influences mostly the final product
is the stabilizer injection method, keeping a dry configuration:
• injection of the binders during the withdrawal of the mixing tool;
• injection of the binders during the penetration of the mixing tool;
• injection of the binders during the penetration and the rest during the
withdrawal.
The best of these methods would be the second one because the soil and
the binders are mixed for all the time the mixing tool remains in the soil,
resulting in a better homogeneity and a greater unconfined compressive
strength (Hayashi et al., 1999), but in the practical reality the binders are
injected during the withdrawal of the mixing tool, as showed in Figure 1.1.
1.1.3 prEN 14679 for dry mixing.
The European standard distinguishes the two major dry methods: the Japa-
nese DJM and the lime cement column method, today known as the Nordic
technique.
• The equipment used in the Nordic countries is able to install columns
up to a depth of 25 m with a column diameter between 0, 6 m and
1, 0 m. The mixing energy and the amount of binder are monitored
and in some cases automatically controlled to achieve sufficiently uni-
form treated soil. During the retrieval phase, the soil and binder are
mixed by continued turning of the mixing tool, eventually changing
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the direction. The rotation speed of the mixing tool and the speed of
withdrawal are adjusted to produce uniform mixing.
• In Japan, there are several variant machines, which are able to install
columns up to a depth of 33 m. The air pressure and the amount
of binder are automatically controlled to achieve homogeneity of the
treated column. The binder is injected during the penetration stage
or both during the penetration and retrieval stages. The standard
Japanese mixing tool is a bit different compared to the Swedish one
(Figure 1.5), and it is showed in 1.4.
Figure 1.4: standard Japanese mixing tool (Larsson, 2005).
The main differences between the Nordic and the Japanese dry mixing
technique are then summarized and reported in Tables 1.2 e 1.3.
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Table 1.2: Comparison between the Nordic and the Japanese techniques
(prEN 14679, 2005).
Table 1.3: Typical execution values of the Nordic and the Japanese dry
mixing techniques (prEN 14679, 2005).
1.2 Lime-Cement columns.
The Lime-Cement columns method is one of the most used in Sweden to
stabilize the soft soils as clay, to avoid the settlements and to increase the
stability. It is a dry mix method because no water is required to inject the
binder into the soil. The main functionality of the method is to improve the
geotechnical properties of the soil, thanks to the formation of stiff reinforcing
columns which can act also as a drain and accelerate the consolidation
process. Moreover, the load applied on the surface is carried partly by the
columns and partly by the surrounding soil, as will be seen in the settlement
calculations.
Although from a physical point of view the columns and the clay are two
distinguished objects, both from an analytical and practical point of view,
the columns and the surrounding clay are considered as a homogeneous
body with average characteristics of the two parts.
The stabilizing effect of the columns depends on many factors as (SGF
Report 4:95, 2000):
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• the area of the columns compared with the total area of the work;
• the diameter, depth and spacing of the columns;
• the properties of the soil, included the permeability;
• the effect and the amount of the binder;
• the time of the pre-loads application.
The method is usually matched with the use of the pre-loads that consists on
the application of excessive loads to force the settlements to happen during
the construction phase and to avoid long term creep settlements that can
be strongly dangerous for the future constructions. More than this, another
aim of the pre-loads is to consolidate the soil with a higher load than the
final load.
Since the lime cement columns method was born in around the middle of
1970’s, it has been improved and new applications have been found. For
example, at the beginning of ’70 the method used only lime as binder,
then cement was add to accelerate the column formation and to achieve
a considerably higher shear strength, and finally the cement has almost
completely replaced the lime. The installation of the columns occurs with
the instrument of Figure 1.5.
Figure 1.5: Swedish standard mixing tool (Broms 2004, Larsson et al., 2005).
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The construction sequence of the Lime-Cement columns corresponds to the
one for the DJM methods and is showed in Figure 1.1, while in figure 1.5
there is the Swedish standard mixing tool specific for the Lime-Cement
columns. The mixing tool rotates with a specific velocity, while compressed
air is injected, and the binders are mixed with the soil. The mixing tool is
progressively pulled upward while the column is forming and the binders are
distributed so the chemical reactions can take place and produce uniform
columns. The design of the mixing tool is that to distribute uniformly the
binders both in the cross section and along the length of each column.
1.2.1 Major applications.
The main growing of the Lime-Cement columns method occurred after the
construction of Kansai international airport in Japan, between 1989 and
1994. This airport has been built on an artificial island constructed thanks
to the excavation of some of the mountains surrounding Osaka Bay, and
has been stabilized with Lime-Cement columns because very big settlemen-
ts (some meters) have occurred (Funk, 2014).
In Sweden one of the biggest and most important application of the lime ce-
ment columns has been the stabilization of the road E4 at Ullånger, 500 km
north of Stockholm. The road was subjected to landslides, so a reinfor-
cement was necessary, and the method used was the Lime-Cement’s one.
The reason of the use of the Lime-Cement columns was the continuously
working of these and the no needs of maintenance. Some soil samples were
extracted from the soil and mixed in the laboratory with lime and cement,
to test the new strength parameters. Then the columns were designed with
a definite diameter, a specific ratio of lime-cement, a specific pattern and
finally were installed to stabilize the soil (Viberg et al., 1999).
The design process procedure adopted in Ullånger continues to be the
nowadays procedure in Sweden.
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1.2.2 Properties.
The properties of the stabilized soil that affect significantly its behavior are:
• Undrained shear strength: increases with the lime-cement content and
with the normal pressure. It is determined by unconfined compression
tests or direct shear stress by the following equation:
τfuk = cuk (1.2.1)
Test results according to Broms (1999) show an internal friction an-
gle varying between 25 and 45 degrees. According to the Swedish
regulations,
cuk = a× cuk(col) + (1− a)× cuk(clay) (1.2.2)
where a is defined as the ratio between the area of the columns and





• Drained shear strength: it influences the long term stability, and it is




′ × tanφ′k (1.2.4)
According to Broms (1999) the effective internal friction angle va-
ries between 30 and 35 degrees, but for the Swedish regulations it is
assumed to be 30 degrees and c′k it is calculated as:
c
′
k = a× c
′
k(col) + (1− a)× c
′
k(clay) (1.2.5)
Where c′k(col) = cuk(col).
The peak of shear strength for the columns happens at the same time
as the peak of shear strength for the unstabilized soil between the
columns, see Figure 1.6. This confirms the full interaction between
the soil and the columns.
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Figure 1.6: strength-strain relation for calculating the average shear
strength (Kivelö, 1998).
• Compression modulus: it is determined by consolidation test as CRS
test and it is one of the most important parameter for settlement
calculations. It raises with time because the increase of shear strength
thanks to the columns installation. It can be estimated from the
following equation:
Mcol =
Ecol × (1− νcol)
(1 + νcol)× (1− 2νcol) (1.2.6)
• Elasticity modulus: it is the main elastic parameter, it influences
the deformation way. It is determined by unconfined compression
tests, and can be assumed Ecol/cu,col = 200 for Lime-Cement columns,
according to Broms.
• Permeability: it is determined by oedometer or triaxial tests, though
the permeability measured in the laboratory is usually lower than the
one measured in situ. By the way, it is strongly influenced by the
amount of cement because this tends to reduce the permeability, and
it decreases with time because the cementation.
1.2.3 Binders.
As suggested by the own name of the method, the stabilizer used with
the LCC method are the lime and the cement. Some knowledges about the
properties of these binders and the chemical reactions that give binders their
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strength are necessary. The lime (CaO) is obtained from the calcination
(heating) of the limestone, accordingly to the following equation:
CaCO3 + heat→ CaO + CO2 (1.2.7)
When the lime is mixed with water it reacts: the water is absorbed, some
heat is released and the lime increases his volume. The specific reaction that
happens is called hydration and is represented by the following equation:
CaO +H2O → Ca(OH)2 + 65, 3kJ/mol (1.2.8)
The reactivity of the lime depends on its particle size, in particular finer
lime reacts more rapidly.
The mostly used cement is the standard Portland cement, which leads to
the process called cementation, where the clay minerals hydrates forming
new crystals, resulting in an higher resistance and in the formation of hard
cement paste. While the reaction proceeds the voids between the cement
particles will be filled and the cement paste grows denser, as showed in
Figure 1.7.
Figure 1.7: structure of the cement paste (Janz et al.,2002).
The Portland cement contains approximately 5% of gypsum and its spe-
cific surface is in the range of 300 − 550 m2/kg. The specific surface is
the surface area of the material that is exposed to water and influences the
reaction rate.
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A typical composition of the standard Portland cement is reported in
Table 1.4.
Table 1.4: typical composition of the standard Portland cement (Janz et
al.,2002).
The reactivity of the cement depends on many factors:
• the ratio of lime to silica CaO : SiO2: larger this ratio, more hydraulic
the material;
• the porosity of the cement paste;
• the water cement ratio wcr = W/C where W is the weight of mixing
water and C is the weight of cement. An high wcr implies high water
content, so high porosity and low strength, as showed in Figure 1.8.
Figure 1.8: relation between wcr and the strength (Janz et al.,2002).
Usually half of the cement has already reacted after 3 days, and 90%
after 3 months (Janz et al., 2002).
So, the main function of the binders is to produce chemical reactions
that leads to the formation of new products characterized by a higher shear
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strength and resistance, and to improve the deformation properties of the
soil. In particular, the cement reacts immediately with water giving a high
strength, while the lime reacts slower, resulting not in a strength gain but
in a temporary effect on stability due to the water consumed.
The efficiency of the mixing in the soil depends on many factors, but the
one that mostly influences the results is the quantity of binders, as showed
in Figure 1.9.
Figure 1.9: relation between the binder quantity and the shear strength of
the soil (Janz et al.,2002).
The effect of the different type of binders is showed in Figure 1.10, where
it is important to notice that the effect of lime only is always less than the
one of cement or lime-cement, while cement or lime-cement have always a
good effect on the clayey soils.
Figure 1.10: shear strength of stabilized soil with different binders, measured
28 days after the mixing (Janz et al.,2002).
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It is often advantageous to combine lime and cement because the hy-
dration of cement gives a rapid strength improvement, while the lime ac-
celerates the pozzolanic reactions. In 2005 Jacobson et al., tried different
lime-cement mixture to determine the best effect on alluvial deposits of ve-
ry soft soil and highly compressible silts and clays, and obtained a contour
plot of strength in function of cement and lime, as showed in Figure 1.11.
Figure 1.11: contour plot of unconfined compressive strength in function of
cement and lime (Jacobson 2005, modified).
The first important thing to notice is that the strength is strongly depen-
dent by the amount of cement rather the lime’s one. In fact, observing
the Figure 1.11 it can be noticed that for small increments in the amount
of cement the strength raises significantly, while even for big increments of
lime the strength increases slowly.
Another important thing to notice is the splitting of the graph in two areas,
the lime beneficial and the lime detrimental. It means that in strength
terms and in some configurations the addition of lime is negative, even if
the lime, which is a stabilizer, is introduced. For example, considering a
cement dose of 150 kg/m3 and a lime dose of 0 kg/m3, the strength rea-
ched is 400 kPa, as highlighted by the red line and circles. On the other
hand, considering always a cement dose of 150 kg/m3 with a lime dose of
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50 kg/m3, the strength is 300 kPa, as highlighted by the blue lines and
circle. In this case the lime is detrimental because even if it is a stabilizer,
its additions reduces the strength of the mixture.
In 1995, Åhnberg et al., stabilized that the optimal mix for reaching a
high shear strength is in the range of 60-90% cement and 40-10% lime, but
the determination of the right lime-cement ratio varies from case to case,
because it is strongly dependent on the type of soil and its properties.
1.3 Swedish regulations.
The Swedish regulations regarding the lime cement columns have been col-
lected by the Swedish Geotechnical Society in the Lime and Lime-Cement
columns guide for project planning, construction and inspection for soft and
semi-hard columns (that means max shear strength 100 kPa), report 4:95,
2000. Notwithstanding these regulations have been written 16 years old,
they are the regulations currently adopted, so they will be presented becau-
se the Lime-Cement columns of this work will be constructed accordingly
to these.
1.3.1 Investigations and first checks.
Before installing the Lime-Cement columns, some field and laboratory in-
vestigations are necessary to determine some important conditions, as:
• the sequence of strata: thickness, composition, stability;
• the groundwater conditions;
• the presence of obstacles as stones, boulders and tree roots;
• the properties of the soil before and after the mixing with lime-cement;
• SF without column reinforcement.
1.3.2 Fixed properties of the columns.
Some of the properties of the columns seen before are fixed:
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• γk is the characteristic unit weight of the stabilized clay, it is equal to
the one of un-stabilized clay;
• cuk has a maximum value of 100 kPa;
• Mcol is 50− 150cuk for Lime-Cement columns;
• k is assumed 500 times the k of the un-stabilized clay;
• c′k(col) is equal to cuk(col);
• φ′k is equal to 30◦.
1.3.3 Columns patterns.
The lime cement columns can be installed in different patterns, as showed
in Figure 1.12.
• If the safety factor (SF) is more than 1, the columns can be placed
singularly in a square or rectangular pattern. Exception: if the slope
of the ground surface is greater than 1:7 and the SF is less than 1.2
the columns must be placed in slabs or grids.
• If the SF is less than 1, the columns must be placed in slabs, grids or
blocks to improve the interaction with the surrounding clay, thanks
to the overlapping of the columns.
The Swedish regulations also specify that in presence of excavations, the
Lime-Cement columns should always have been placed in slabs.




For 600mm diameter columns, the quantity of lime-cement added is deter-
mined by some laboratory tests, in particular by the mixing trials, and it is
approximately 80− 130 kg/m3, equal to 23− 36 kg/m.
Anyway, some advices for the choice of the stabilizer for different type of
soils are given and are basically defined by the stabilizing effect Seff which
represents the ratio between the shear strength of the stabilized soil and





The main advices for clayey soils are:
• Clay containing gyttia: the addition of cement/lime produces a good
effect, in fact Seff = 10−20. Before the full load is applied, it is better
to let through 3 months.
• Clay containing sulphides: there are large differents between clays in
west and east Sweden, so it is important to perform mixing trials
in each case. Anyway, lime-cement is recommended because usually
produces higher strengths than lime only.
• Clay: is highly suitable for stabilization with lime and lime/cement.
There’s a good effect on the stabilization, in fact Seff = 10− 20.
• Clay with silt strata, silty clay: suitable for stabilization with lime
and lime/cement. There’s a good effect on the stabilization, in fact
Seff = 10 − 20. Anyway the results are better with the lime/cement
than with lime alone.
Usually, before the reinforcement of the soil some mixing trials are per-
formed in the laboratory, to determine the best ratio of lime-cement, the
correct quantity of stabilizers and the improved properties of the soil. In
Figure 1.13 there is the picture of a mixing trial conducted on Dalvägen
clays, where can be notice the difference between the clay (on the right)
and the clay mixed with lime and cement (on the left).
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Figure 1.13: Mixing trial conducted on Dalvägen clays (courtesy of Sweco).
1.3.5 Construction.
For Lime-Cement columns the ideal value of advance is 15 mm/revolution
for clay containing gyttja and 20 mm/revolution for the other soils. The
speed of rotation for the mixing tool during admixture is in the range of
80− 120 revolutions/minute, but it is important to consider that normal-
ly we obtain a disturbed zone below the columns of approximately 0.5 m,
and also a heterogeneous zone on the top. This is because the injection of
binders is stopped at about 0.5 − 1 m under the ground level, so this will
result in a column top with varying properties.
Some of the most important properties for the Lime-Cement column ma-
chines are described in Table 1.5.
Characteristic Existing machines
Machines weigth 12-39
Ground pressure installer with tank (kPa) 24-38
Ground pressure bulk trailer (kPa) 40-60
Column diameter (m) 0.4-1.0
Column depth (m) <25
Lime/cement or cement/lime (%) 0/100-100/0
Sloping ground, max slope 1:7-1:11




Some inspections are always performed to check if the columns are con-
structed in accordance to specific requirements, as the correct placing of
the columns, a correct length, a correct quantity of stabilizer and a correct
uniformity of this along the columns and in their cross section.
The inspection is necessary to verify that the construction of the columns
occurred accordingly to the initial project. A journal diary shall register so-
me construction’s informations as the quantity and type of stabilizer placed
in the machine tank, so it will be possible to identify the column constructed
with that stabilizer. Also any deviation from the project has to be reported
in another specific journal.
Anyway, during the design of a soil reinforcement, some deviations are al-
ways considered and some tolerance are given. An example of deviation is
when a column is not continuous until the depth of the project, or when a
column is incorrectly located. Because of this, some tolerance requirements
shall be set: length, position, inclination. If a columns doesn’t comply in
the tolerance requirements, an additionally column shall be placed and in-
stalled to obtain the wanted soil reinforcement.
The main tolerance requirements are:
• the permitted tolerance quantity of stabilizer mixed in is 10 %;
• for single columns the permitted deviation in plan shall be 20 % of
dcol, 10 % of c or 0, 1 m and the maximum inclination permitted for
a 10 m column is 15 mm/m;
• For columns in slabs, grids or blocks, the minimum overlap should
be 50 mm and the distance between the columns centers in slab and
blocks should not exceed 0,8 of dcol.
For single columns, if it contains less than the minimum quantity of stabili-
zer, it’s shear strength should be checked. If the shear strength is low, it is
possible that a new column replacing the one it is necessary. The decision
is handed by a consultation with the client. On the other hand, for columns
in slabs and grids, if one of them doesn’t reach the tolerance requirements,
certainly a new column is built to replace the old, because otherwise the
function of the slab is compromised.
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Some check calculations regarding the settlements and the stability are al-
ways necessary, and in particular the parameter that is most checked is the
safety factor:
• SF before the column reinforcement;
• SF during load application to determine the maximum permissible
load increment;
• SF during construction of the columns;
• SF when the embankment is completed.
The inspection shall regard columns from all representative soils and strata
sequences inside the reinforced area, and a representative shear strength
should be obtained for each stratum. The number of columns to be in-
spected depends on the reinforcement, the SF and the extent of the area




Extent of reinforcement Inspection
SF>1,0 <5000 no inspection or
increase
columns number
SF>1,0 >5000 1% of columns
SF>1,0 >50000 > 0,5% of columns
SF<1,0 regardless of extension 2% of columns
Table 1.6: inspections on the columns (SGF report 4:95, 2000).
In small works where the load is small it is not economically convenient
to perform an inspection, but it’s cheaper to install extra columns to increase
the SF.
Several inspections methods exist, but in general the most used method is
the "Conventional column penetration test" (KPS), which can be performed
in a conventional or reverse mode. The specific tool of this test is a probe of
0.01 m2 area fitted with vanes. The test permits to calculate the undrained
shear strength of the constructed columns. The size of the vanes is different











Table 1.7: inspections on the columns (SGF report 4:95, 2000).
Moreover, the probe has a conical point of 50 mm diameter, a distance
between the point and the vane attachment of 500 mm, a probe diameter
of 36 mm or if the column is predrilled 50− 65 mm.
The main difference between the two mentioned modes of performing the
method is the direction of sounding: in the conventional mode the probe is
pushed down into the column, while in the reverse mode the probe is pulled
up by a wire rope, as showed in Figure 1.14.
Figure 1.14: comparison between the conventional mode on the left and the
reverse mode on the right (Holm, 1999).
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In details, the different methods are:
• Traditional column test: used for columns of 500− 800 mm diameter,
8 m of maximum length and maximum shear strength of 150 kPa.
The traditional test is performed with the probe showed in Figure
1.15 at the center of the column, and it is pushed down at a constant
rate of penetration of 20 mm/s ± 20%. The test ends at least 2 m
below the bottom of the columns, and it is performed also in the un-
stabilized clay.
The shear strength of the columns can be calculated as 0.1 times the
net pressure against the vanes, as in the following equation:
τcol = 0.1× Q
A
(1.3.2)
where Q is the net penetration resistance measured during the test.
Figure 1.15: column probe for traditional test (SGF report 4:95, 2000).
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• Reverse column test: the test is performed with a probe fitted with
vanes showed in Figure 1.16, but in this case the probe is attached to a
wire rope which is placed below the bottom of the columns. When the
column reached the desired age the rope is pulled up and the probe
rises in the surface while measuring the pressure.
Figure 1.16: column probe for revers test (SGF report 4:95, 2000).
Method 1 is used for 500 − 1000 mm columns diameter, the probe
is installed immediately after the construction of the column, it can
be used for column with maximum length of 15 m and 600 kPa ma-
ximum shear strength. The test is performed at a constant rate of
20 mm/s ± 20%. The skin resistance can be found with the use of a
straight rope installed in some columns; the probe resistance is equal
to the skin resistance against the rope. The shear strength of the co-
lumn can be calculated as 0.1 times the net pressure on the probe.
The method 2 is performed when the column probe is installed prior
to the columns construction and it can be used for column with ma-
ximum length of 20 m and 600 kPa maximum shear strength. The
determination of the skin resistance, the net pressure and the shear





The area of the study is located in northern Europe, on the Scandinavian
Peninsula and in particular in Sweden. The definite area of the study is
near Stockholm, see Figure 2.1, which is located on the eastern coast and
is formed by a set of islands called Stockholm’s archipelago.
Figure 2.1: geographic location of Sweden and the specific area of the study.
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2.1 Geological introduction.
Sweden is part of the Fennoscandian Shield also called Baltic Shield, where
the bedrock is composed mainly of rocks corresponding to several periods:
pre-Cambrian crystalline rocks, formed between the Earth’s formation (4600
myr) and the Cambrian period (545 myr). These rocks compose the cry-
stalline basement, formed through igneous and metamorphic processes.
During the Sweden geological history, several stages of magma intrusion and
consequently solidification have been alternate or simultaneous to sedimen-
tation stages. This succession made what is today’s Scandinavia. According
to the SGU (Geological Survey of Sweden), the oldest Swedish rocks are
about 2500 millions of years old, and are located mostly in a limited area in
the northern part of Sweden. In the remaining northern area and moving
to the south the age of the rocks is around 1600 millions of years. These are
metamorphosed rocks because of the Sveco-Fennian orogeny, that leads to
the formation of a lot of the continental crust of the presents Sweden and
Finland. The bedrock in the southern part of Sweden is made of 1700-1550
millions of years old rocks which were metamorphosed during the Sveco-
Norwegian orogeny.
The types of metamorphic rocks that we currently find in Sweden are mo-
stly gneiss, granite, marble and leptite, a rock formed from lava, that’s very
common in Sweden and Finland. In the Phanerozoic period (541 myr –
present) sedimentary rocks were formed, such as sandstone, limestone and
siltstone, that are now spread all over the Precambrian and Cambrian shield
area. These rocks were formed thanks to the weathering and the erosion
mainly in marine environments, in fact the sediments like clay, silt and lime
consolidated and have been transformed into rocks. At present, most of
these rocks formed before the last glacial period have been eroded.
2.1.1 Quaternary period.
The period that affected significantly both the geology, the landscape and
the development of soils of Sweden is the Quaternary period. This has been
decisive for the history because of the glaciations that were so important
also because of the high latitude of Sweden.
The youngest glacial period reached the maximum expansion around 23000
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years ago when Sweden was covered with a big ice sheet (2 − 3 km thic-
kness) that pushed down the earth’s crust with its weight. Around 17000
years ago a climatic change caused a slowly melting of the ice, and thanks
to the disappearance of the pressure induced by the weight of the ice the
land rose. In this period the formation of a peninsula between Denmark
and Fennoscandia was fundamental for the development of the Baltic Ice
Lake, whose water flowed in the sea around 11000 years ago, changing the
composition and the present ions. Around 10000 year ago the ice was re-
treating 500 m per year, and around 8000 year ago the ice was far away
from actual Stockholm, which was 150 m under the sea, notwithstanding
the land was raising. 5000 years ago the sea level was 30 m above today’s
Stockholm’s beach level. Currently the land continues to raise, with a rate
of 4 mm/year in Stockholm’s land (SGU).
The current landscape of Sweden testifies the big influence of the last glacia-
tion, in fact the presence of numerous lakes, the rough routes of the rivers,
the rounded morphology of the landscape and also the type of soils are due
to the glaciation period.
2.2 Soils of Sweden.
Regarding the soil of Sweden, a main division is based on two chronological
periods: Pre-Quaternary and Quaternary, which is in turn divided into gla-
ciation and post-glaciation periods. Another division is necessary between
the soil formed from fresh-water sediments, as the sediments of the Baltic
Ice Lake, and the soil formed from salt-water sediments, as the sediments
deposited in a marine environment.
• The pre-Quaternary soils have been removed or heavily weathered by
the ice sheet of the glaciation, so what today remains of these type of
sediments is substantially rock decomposed to clay.
• The Quaternary soils of glacial origin are influenced by the bedrock:
as seen before, the bedrock in Sweden is mainly of metamorphose or
sedimentary origin. The sedimentary bedrock in the southern regions
has been widely eroded, but it had a great importance in the formation
of glacial deposits, in particular of boulders and till. Till is the most
common type of soil in Sweden, in fact it occupies around 75% of the
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total area, and consists of material eroded and then transported by
the ice sheet.
• The Quaternary soils of the post-glacial period are sand, clay and silt.
Usually the clay is with high organic content, and contains layers of
sand and silt.
Other types of soil that we can find in Sweden are:
• Peat: soil formed from the leftovers of plants, can vary in composition
because of difference plants;
• Gyttja: is a sort of mud formed from the leftovers of plants and
animals;
• Dry crust clay: particular type of clay that it is formed between the
ground water surface and the ground surface, and is characterized by
different properties from the normal clays;
• Friction soil or non-cohesive soil.
2.2.1 Clays.
The most important factor regarding the soils in Stockholm’s area is the
amount of the soft soils as clay that’s very important and significant.
The clay is a type of soil, defined by the USCS (Unified Soil Classification
System) as fine grained soils, where the 50% of the grains pass the No. 200
sieve which has a diameter of the openings of 0, 075 mm. More than this,
the clays are distinguished from the silt thanks to the liquid limit, which
has to be less than 50%. The clays are composed of solid particles, which
can be clay minerals, but also other type of minerals or particles.
The clay minerals are organized in layers, which can be composed of different
structures, in particular tetrahedral or octahedral. The main 4 groups are:
the kaolinite, the montmorillonite, the illite and the chlorite. They are
composed of different structures, layers and cations and another factor that
distinguishes the several groups is the basal spacing, see Figure 2.2.
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Figure 2.2: representation of the several groups of clay minerals, with the
different structures (Soilsurvey.org).
The most common type of clay mineral in Sweden is the Illite (Åhnberg,
2006), which is composed of sets where tetrahedral and octahedral structu-
res are alternated (T-O-T), and the sets are separated by potassium ions,
see Figure 2.2.
The clay formation in Sweden is related to the last glaciation period, in fact
the clay particles were deposited thanks to the glaciers and the ice rivers,
which are very efficient means of transport for the sediments during the
glacial periods. Due to the difference in energy, usually the coarser material
as sand, gravel and stones is deposited close to the river mouth or the ice
front, while the finer material as silt and clay is deposited above the coarser
and far away from the river mouth or the ice front. For this reason, the
clay sediments were deposited mainly in the sea or in lakes as post-glacial
deposits.
Both the composition and the structure of the Swedish clay depend on the
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ion concentration of the water where they are deposited, at the specific time
of deposition. As seen before, the main chemical elements that build up the
clays are silica and aluminum or magnesium. When the ice retreated the
land rose above the sea level and the clay was subjected to leaching, which
is a natural process in which dissolved substances as ions are removed and
replaced. For this reason some of the ions in the clay were replaced by other
and the surface of the clay mineral became negatively charged. After that,
the clay mineral’s surface attracted positive ions as the potassium we find
in the illite clay (Rankka et al., 2004).
Currently all the clay we find in Sweden’s underground causes settlements
that’s necessary to prevent, in fact the clayey soils are often problematic
because of their poor resistance to deformation and low bearing capacity.
Under a load which can be a road or a building, they tend to dischar-
ge the present water and to deform themselves through the process called
consolidation. This process is very slow for the clays because of their low
permeability, and depending by the coefficient of consolidation it can take
up to several years for a complete consolidation. Obviously, thicker clay
strata means bigger settlements, so a previous geotechnical model of the
soil is necessary.
A sample of clay of Dalvägen area is showed in Figure 2.3.
Figure 2.3: Picture of the clay of Dalvägen area.
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2.3 Dalvägen.
As already mentioned, the project of this work is located near Stockholm;
the specific area of the work is in the Nacka municipality, in the eastern
part of Stockholm. The project involves a big area, as showed in Figure 2.4,
because it consists in the widening of all the highlighted roads.
Figure 2.4: framing of the specific area of the thesis: the main road Dalvägen
(in purple), another important road Storsvängen (in blue), the minor roads
in black.
In particular, the project concerns the widening of the roads to allow buses
or trucks transit, the improvement of the local environment thanks to the
connection with the municipal water works, the connection with the sewer
system and also the construction of new residential buildings (Figure 2.5,
which is reported even in the attachments.)
So, the work that will be performed in this area is the excavation of so-
me meters of soil to permit the laying of the pipeline and the following
filling to allow the construction of the roads. Pratically this results in a slo-
pe stability analysis necessary during the excavation and in a settlements
calculation after the filling of the roads.
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Figure 2.5: project of the area: in grey the existing houses, in brown the
future houses. The major buildings are highlighted with the red circles.
Currently the area is designated as a summer residence, in fact the roads
are narrow and the houses small (Figure 2.6 and Figure 2.7) but the project
concerns its conversion in a permanent residential area.
Figure 2.6: picture focusing on the main road of the project, Dalvägen.
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Figure 2.7: picture focusing on the road of the area and the houses as
summer residences.
2.3.1 Geotechnical investigations.
The geotechnical investigations are always necessary to verify the soil con-
ditions and properties, the presence of obstacles to the construction and the
potential presence of clayey layers that are very common in Sweden. There
are several type of surveys that have been conducted in the area, as listed
(SGF, 2001):
• CPT or cone penetration test is a static test which consists in the pe-
netration of a conical point in the soil at a constant rate of 20 mm/s.
The results of the test are the point resistance (qc), the frictional re-
sistance (fs) and sometimes the pore pressure u; In Figure 2.8 we can
observe a typical result of a CPT test in the Dalvägen area: in the
first graph there is the point resistance, which is measured starting
from 1 m because usually the first meter is composed of made ground
and/or dry crust clay. We can notice that the point resistance is qui-
te low from 1 m to 8 m so this probably represents a clayey layer,
while from 8 m to 10 m where the survey ends, the point resistance
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increases up to 12 MPa, so it probably represents a non-cohesive or
a friction soil. In the second graph there is the frictional resistance,
which results low in the clayey layer and increases when the frictional
soil begins. In the third graph there is the pore pressure, which con-
firms the presence of the clayey layer: in fact, being the clay a cohesive
soil it is usually not drained, so the pore pressure will increase during
the survey. At a depth around 8 m the pore pressure falls because the
presence of the friction soil that’s usually drained.
Figure 2.8: CPT results from a survey in Dalvägen.
The CPT results are useful in addition to the distinction of the several
types of soil to establish some geotechnical parameters as the undrai-
ned shear strength of the cohesive soils, the friction angle and the
relative density of the non-cohesive soils, the effective vertical stress,
the pre-consolidation pressure and consequently the OCR degree.
The program used to elaborate the CPT results is Conrad, a soft-
ware developed by the SGI (Swedish Geotechnical Institute) which
is calibrated on the swedish clays. Conrad is based on the following
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equation, whereby it is possible to obtain the shear strength:
cu =
qt − σv0






• Jb2 or soil/rock probing test is a drilling method (Fig. 2.9) which is
executed with the rotation of the rig. This test is specific to determine
the level of the bedrock.
Figure 2.9: execution of a Jb2 sounding in the Dalvägen area (picture taken
in April 2016) and the detail of the button bit (indiamart.com).
The parameter registered during the test are the depth of drilling, the
penetration resistance, the rate of penetration, the force input, the
hammer pressure and the rotational pressure, as showed in 2.10. We
can notice that the first meter is made ground because the hammer
pressure (fifth graph) and the force input (sixth graph) are pretty
high; from 1 m to around 1, 8 m there is dry crust clay because the
penetration resistance (third graph) and the force input remain a bit
high, while from 1, 8 to around 6, 5 m there is a clayey layer, in fact
the previous values are now pretty low. The hammer pressure between
5 and 5, 5 m has high values, but probably it represents the presence
of a boulder or stone. Under the clay there is the bedrock, marked by
a specific symbol, and in fact the previous values are high.
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Figure 2.10: Jb2 results from a survey in Dalvägen.
• Slb or percussion sounding is a test where the penetration resistance
is showed in a bar chart as the penetration time per depth interval
(sec./0, 2 m). In Figure 2.11 we can observe a Slb test result: we can
notice that the penetration resistance is low from 0 to around 2, 5 m
so this probably represents a clayey layer, while from 2, 5 to over 3 m
the penetration resistance increases, representing a friction soil.
Figure 2.11: Slb result from a survey in Dalvägen.
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• Tr or pyramid penetration test is conducted with a pyramid-shaped
point attached to a sounding rod pushed down into the soil that mea-
sures the penetration resistance and sometimes the frictional resistan-
ce. In Figure 2.12 we can see the penetration resistance, which in the
first meter it assumes a particular bell shape curve that is characte-
ristic of the dry crust clay. From 1 to around 6, 8 m the resistance is
pretty low, so this represents a clayey layer. After 6, 8 m and up to
9 m the resistance is high and there are also some shaded intervals
which represent the turning of the rod, which is essential to permit
the development of the survey. This high resistance and the rotation
of the rod represent a friction soil.
Figure 2.12: Tr result from a survey in Dalvägen.
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• Vim or weight sounding is a test where the penetration resistance is re-
gistered as the applied load (where the soils are cohesive) or alternati-
vely the number of half turns utilized measured as half-rotation/0, 2 m
(where the soils are non-cohesive). In Figure 2.13 we can see that from
0, 5 to around 9 m the applied load is measured, which is very low
because the soil is probably made of clay. After 9 m the half-rotations
every 0, 2 m are measured because the soil is a non-cohesive type.
Figure 2.13: Vim result from a survey in Dalvägen.
• Vane test is a field test for estimate the undrained shear strength of
the cohesive soils. The tool is composed of four vertical blades joined
together to a shaft, as showed in Figure 2.14. The operating principle
of the test is that the tool is forced to rotate with a specific torque




7× pi × d3 (2.3.2)
where d is the vane width.
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Figure 2.14: Tool of the vane test.
In the whole project more than 300 surveys have been conducted, which
have been distributed between the several type of test as following:




• 11 CPT tests;
• 11 CPT + Jb2 tests;
• 6 Vane tests;
• 4 CPT + Tr.
The Vim and Slb types have been conducted previously by another compa-
ny, while the CPT, the Tr and the Jb2 have been recently conducted by the
company where I had the internship. Additionally to the recent surveys, 12
piezometers have been installed to measure the level of the ground water
table and soil samples were extracted from a total of 26 investigation points.
Given the huge area extension of the project, this work will now be focused
only on Dalvägen, the main road, which is around 1200 m long. On this
road 50 surveys have been performed recently (7 Jb2, 7 CPT, 4 CPT+Tr,
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26 Tr, 6 Vane test) and 36 have been performed previously (4 Slb and 32
Vim).
Additionally, 4 piezometers have been installed, as showed in Figure 2.15.
Figure 2.15: figure representing the road Dalvägen (in green) and the posi-
tion of the four piezometer (blue circles).
2.3.2 Geotechnical model of the soil.
One of the most important things when approaching a project, is the con-
struction of the geotechnical model of the soil, which permits to have a
specific framing on the characteristics of the soil and consequently on the
factors that will affect significantly both the stability and the presence of
settlements.
The framing of the specific area of the study has been obtained thanks to
the analysis of all the surveys that have been conducted, the drawing of
longitudinal and perpendicular sections to the road and the elaboration of
the lab results that are all attached at the end of this work. The main
parameters on which the geotechnical model is rested on are the thickness
of the clay, the values of the undrained shear strength and the deformation
parameters.
In particular, along Dalvägen the thickness of the clay varies from a mini-
mum of 1 m up to a maximum of 9, 5 m, as showed in the attached sections.
Having this type of clay thickness is strongly influencing the whole project,
but in Sweden it is quite the normality and in fact the reinforcement with
the Lime-Cement columns is very common. Anyway, the stratigraphy of
the soil is usually composed of:
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• 0, 5−1 m of made ground which is an artificial fill composed of asphalt,
rubbish or plant remains;
• around 0, 5− 1 m of dry crust clay, which is very common in Sweden;
• clay, whose thickness can vary between 1 and 9,5 m;
• few meters of friction or non-cohesive soil;
• bedrock, which is usually shallow because it often emerges up to the
surface, as showed in Figure 2.16.
Figure 2.16: picture showing the emergence of the bedrock in the surface
near Dalvägen.
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The values of the undrained shear strength have been obtained from the
elaboration of the CPT results, the vane tests and from some probe analysis,
while the deformation parameters are obtained from the soil probe and the
CRS results. All these files are attached at the end of this work.
It is important to notice that in the whole area the clay has a very low value
of the undrained shear strength, in fact there is an average value around
12 − 15 kPa. In Sweden this low value is quite common and it is one of
the reasons of the ordinary use of the Lime-Cement columns. More than
this, in a restricted zone (see Section AA in the attachment) it has been
impossible to conduct the surveys because the area was like a marsh (Figure
2.17) where the machines were sinking and in fact the value of the undrained
shear strength was around 5 kPa.
Figure 2.17: picture showing the marsh were the machines were sinking, in
Dalvägen.
These are very critical soil conditions, which didn’t permit to perform the
surveys, and for practical reasons I didn’t considered this restricted area
in this work. In fact, in special soil conditions as these, it is necessary
to perform an excavation to determine if the soil conditions are so critical
only near to the surface, or alternatively to assume that the geotechnical
properties of that area are quite similar to the nearest areas.
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Anyway, on the basis of the two parameters argued before, the thickness of
the clay and the value of the undrained shear strength, I distinguished four
different areas along Dalvägen, which are represented in Figure 2.18.
Figure 2.18: representation of the street Dalvägen divided into four zones.
The sections of the different zoned are attached. The red zone corresponds
to the most critical area if considering the clay thickness (8 − 10 m), the
green zone corresponds to the least critical (1 − 4 m), the blue is halfway
(3− 6 m), and the yellow is halfway too (4− 6.5 m). The layering and the
properties of the soil are then schematically represented in the figures and
tables in the next pages, and are distinguished for the different areas:
• red area (Figure 2.20 and 2.21, Table 2.1 and 2.2);
• blue area (Figure 2.22 and 2.23, Table 2.3 and 2.4);
• green area (Figure 2.24 and 2.25, Table 2.5 and 2.6);
• yellow area (Figure 2.26 and 2.27, Table 2.7 and 2.8).
The soil model are represented with different symbols for each type of soil,
that are represented in the legend in Figure 2.19.
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Figure 2.19: legend of the Figures 2.20, 2.22, 2.24 and 2.26
The level of the ground water table, actually, swings between 0 m (coin-
ciding with the ground level) and around 1, 5 m. The permanence of the
ground water table under the ground level permits the drying of the clay
with the consequent formation of the clay dry crust, which is normally cha-
racterized by higher values of the un-drained shear strength.
It can be noticed that the blue and the yellow areas could be assembled
together but differ significantly if considering the values of the undrained
shear strength.
The created areas gather together different zones of Dalvägen that are cha-
racterized by similar properties. These area avoid the calculations of the
slope stability in each point of survey, and permit to perform them only in
four point, one for each color zones.
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Figure 2.20: Figure representing the layering of the soil and the level of the
GWT in the red area. The thickness of the clayey layer is between 8−10 m.
The shear strength of the red area is an average value obtained from both
the CPT results and the probe analysis, as showed in Figure 2.21, where the
black line represents the adopted values of the shear strength. The value of
the shear strength is obtained up to a depth of only 9 m because the points
of the evaluations are the points with the minimum thickness of clay (8 m
in this case).
The points beginning with 16 in Figure 2.21 are the points where the surveys
have been conducted in 2016, the points with 14 are the points conducted
in 2014 by another company and the points 30 and 14 are points where the
surveys have been conducted before 2010.
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Table 2.1: geotechnical properties of the granular soil in the red area.
The value of the friction angle has been obtained from the elaboration




















1.5-3 17.5 8.9 48
(2 m) 16.4 9.7 49 224 2401 14.9 1.52
3-6 16.8 12.3 46
(4 m) 16.6 10 43 240 3375 18 1.03
(6 m) 16.6 12 47 230 3315 20.4 1.37
6-11.5 17.1 18.6 44
(8 m) 16.9 15 49 544 3713 20.2 1.16
Table 2.2: geotechnical properties of the clay in the red area.
For calculating the settlements the parameters being used are the defor-
mation properties (ML, M
′ and M0) which have been obtained from a CRS
test in the point 14W44 and are referred to the specified depth.
On the other hand, to perform the slope stability analysis the parameter
being used is the shear strength which referred to the depth interval.
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Figure 2.22: Figure representing the layering of the soil and the level of the
GWT in the blue area. The thickness of the clayey layer is between 3−6 m.
The shear strength of the blue area is an average value obtained from
the CPT results conducted in 3 points, as showed in Figure 2.23, where the
black line represents the adopted values of the shear strength. The value of
the shear strength is obtained up to a depth of only 5 m because the points
of the evaluations are the points with the minimum thickness of clay (6 m in
this case). It is important to notice that the firsts points included between
1 m and 1, 5 m have a shear strength value around 20 kPa, so probably
these are disturbed points due to the presence of the clay dry crust just
above them. Even the first point of 14W17 at 2 m with a shear strength of
around 45 kPa is probably disturbed because of the clay dry crust.
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The points beginning with 16 are the points where the surveys have been
conducted in 2016 while the points with 14 are the points conducted in 2014
by another company.










Table 2.3: geotechnical properties of the granular soil in the blue area.
The value of the friction angle has been obtained from the elaboration




















1.5-3 17.3 10.3 51
(2 m) 18.4 46 49 4041 11386 13.2 7.67
3-7 16.9 13 49
(3 m) 16.9 12 50 223 2803 17.7 1.52
(4 m) 17.0 15 60 760 2798 16.9 1.20
Table 2.4: geotechnical properties of the clay in the blue area.
For calculating the settlements the parameters being used are the defor-
mation properties (ML, M
′ and M0) which have been obtained from a CRS
test in the point 14W17 and are referred to the specified depth.
On the other hand, to perform the slope stability analysis the parameter
being used is the shear strength which referred to the depth interval.
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Figure 2.24: Figure representing the layering of the soil and the level of
the GWT in the green area. The thickness of the clayey layer is between
1− 4 m.
The shear strength of the green area is obtained from a vane test, and
it is showed in Figure 2.25, where the black line represents the adopted
values of the shear strength. The first point at a depth of 2 m has a shear
strength value around 40 kPa, so probably this is a disturbed point due to
the presence of the clay dry crust.
The deformations parameters of Table 2.6 have been obtained from a CRS
test in a point in the red area which is next to the green area; it is assumed
that the properties don’t change.
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1-5 18.2 15 46
(2 m) 17.6 9 44 339 2895 15 1.64
(3 m) 17.2 10 45 418 3062 15.6 1.30
Table 2.6: geotechnical properties of the clay in the green area.
For calculating the settlements the parameters being used are the defor-
mation properties (ML, M
′ and M0) which have been obtained from a CRS
test in the point 30 and are referred to the specified depth.
On the other hand, to perform the slope stability analysis the parameter
being used is the shear strength which referred to the depth interval.
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Figure 2.26: Figure representing the layering of the soil and the level of
the GWT in the yellow area. The thickness of the clayey layer is between
4− 6.5 m.
The shear strength of the yellow area is an average value obtained from
both the CPT results and the probe analysis, as showed in Figure 2.27,
where the black line represents the adopted values of the shear strength.
The value of the shear strength is obtained up to a depth of only 6, 5 m
because the points of the evaluations are the points with the minimum
thickness of clay (4 m in this case). It is important to notice that the
firsts points included between 1 m and 2 m have a shear strength value of
20− 30 kPa, so probably these points are included in the clay dry crust.
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The points beginning with 16 are the points where the surveys have been
conducted in 2016, the points with 14 are the points conducted in 2014 by
another company and the points 5 and 8 are points where the surveys have
been conducted before 2010.










Table 2.7: geotechnical properties of the granular soil in the yellow area.
The value of the friction angle has been obtained from the elaboration




















2-8.5 17.5 13.5 47
(2.5 m) 17.5 19 48 802 4973 16.4 2.09
(4 m) 16.9 13 46 446 3783 12.4 1.17
(6 m) 17.9 12 42 349 4245 14.7 1.42
Table 2.8: geotechnical properties of the clay in the yellow area.
For calculating the settlements the parameters being used are the defor-
mation properties (ML, M
′ and M0) which have been obtained from a CRS
test in the point 16B46 and are referred to the specified depth.
On the other hand, to perform the slope stability analysis the parameter





The presence of an important quantity of clay in Sweden is the reason of
the settlements. In particular in the Stockholm’s area there are strong pro-
blems caused by the settlements, so a soil reinforcement is often necessary.
The judgement to install or not the Lime-Cement columns depends on the
amount of the settlements and on the stability of the soil, so one of the first
goal to reach is the calculation of the settlements to verify if the bearing
capacity of the soil is enough for the work that has to be built.
3.1 CRS test
To evaluate the settlements in a specific point, usually one or more samples
are extracted from a probing. This sample is usually sent to the laboratory
where it will be subjected to a CRS test. The CRS test is a sort of variant
of the normal consolidation test and is currently widely used in Sweden.
The main difference to the classic consolidation test is the fact that the test
is done with a constant velocity of deformation. The name CRS reflects
this reason, in fact it is the acronym of Constant Rate of Strain. The first
people to use this test were Crawford in 1959, then Smith and Wahls in
1969 and Wissa in 1971.
The apparatus of the test (Figure 3.1) is very similar to the classic conso-
lidation test: the specimen is 20 mm high and mounted in a Teflon ring
that is inserted into a casing ring containing porous stones. The casing ring
is mounted on the oedometer base where an O-ring seals the Teflon ring
to make the drainage possible only at the top of the specimen. The oedo-
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meter is placed in a compression machine and the specimen is deformed at
a constant rate of strain (usually not exceeding a rate of 4 × 10−5mm/s)
(Larsson R., Sällfors G., 1986). At certain intervals the applied vertical
pressure, the deformation and the pore pressure (measured at the bottom
of the specimen) are measured.
The duration of the test depends basically on the type of clay, but normally
it is around 24-30 hours.
The results of the test are represented in some graphs: σ′−ε, k−ε , σ′−M
and σ′ − cv.
σ
′ is calculated as
σ
′
= σ − 2
3
ub (3.1.1)
where ub is the pore pressure at the undrained bottom of the specimen.
Figure 3.1: representation of the CRS apparatus (figure from Larsson R.,
Sällfors G., 1986, the picture is a courtesy of Sweco).
The parameters obtained from the test and needful for the settlements
calculations are:
• density ρ;
• shear strength τ ;
• water content w;
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• permeability k;
• consolidation coefficient cv: is the parameter that defines the trend of




g × ρw (3.1.2)
• pre-consolidation pressure σC′: it is the highest pressure the specimen
has ever been subjected to. It is obtained from the σ′−ε graph (Figure
3.2). The two straight parts of the curve are extended until they
intersect in a point. Then an isosceles triangle is inscribed between
the formed lines and the curve; the intersection between the base of
the triangle and the upper line is the pre-consolidation pressure, which
is deviated from the previous curve of a factor called c;
Figure 3.2: effective stress-deformation graph obtained from the CRS test
(Larsson R., Sällfors G., 1986).
• modulus ML: is the dominating parameter of the test (Figure 3.3).
For value of the effective vertical pressure near to the pre-consolidation
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pressure, it tends to be constant; it depends by the previous loads and
by the level of the ground water;
• limit pressure σ′L: is the last value of pressure of the constant part
of the modulus curve, just before the modulus starts to increase, see
Figure 3.3;
• modulus number M ′ : it represents the slope of the σ′ − M curve,
in the part where the modulus is increasing linearly after the pre-
consolidation pressure.
Figure 3.3: effective stress-modulus graph (Larsson R., Sällfors G., 1986).
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3.2 Settlements calculation in the clay.
After the CRS test and the elaboration of the results, the settlements are
calculated with the parameters obtained from the test. The equations for
calculating the settlements are listed below, but the theory is basically com-
parable to the traditional consolidation or oedometric theory.
The following equations are utilized:
















































The two ways used in this work to calculate the settlements of the un-
stabilized soil, which are based on the previous equations are:
• GeoSuite Settlements, a Novapoint software;
• An excel sheet.
An aspect to be remarked is that both the methods considers the clayey
layer divided in some sub-layers and calculate the settlements for each of
them. The total settlement of the entire layer of clay is then calculated by
adding the contributions of each sub-layer settlement. Usually the division
in sub-layers is based on the depths at which the CRSs have been perfor-
med, in fact the sub-layers are chosen in such a way that the midpoint(s)
between the depths at which two consecutive CRSs have been performed
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correspond to the limits between two consecutive sublayers.
As an example, if a layer of clay starts at 2 m depth, ends at 7 m and
the CRS tests have been performed at a depth of 3.5, 4.5 and 5.5 m, the
sub-layers will be from 2 to 4 m, from 4 to 5 mand from 5 to 7 m.
GS settlement starts with the stratigraphy of the soil, which can be fi-
xed with different soil model properties. The one used in this work is the
"Chalmers without creep" type, which permits to insert the fundamental
properties of each layer, as the weight volume, the pre-consolidation pres-
sure, the limit pressure, the compression modulus, the modulus before the
pre-consolidation pressure, the modulus number and the consolidation coef-
ficient. This soil model fits the oedometer curve as following (Fig. 3.4).
Figure 3.4: comparison between the oedometer and the Chalmers model
curves.
The "Chalmers without creep" soil model is used to calculate settlements
in fine grained soils such as clays and silts. After entering the soil para-
meters, it can be decided the level of the ground water or the pore water
distribution, the loads applied on the site and the stress distribution mo-
del, which can be a "Finite Boussinesq" or an "Infinite Boussinesq". The
stress distribution model adopted is the Infinite Boussinesq, which consi-
ders a strip load distribution bigger than the thickness of the clayey layer,
so the total vertical stress increases by a quantity equal to the applied load.
After that some parameters as the effective vertical stress in situ and the
pre-consolidation pressure are shown in graphs, in a stress chart. Finally
the settlements can be calculated and a graph time-displacement is shown.
The other way to briefly calculate the settlement is an excel sheet which was
developed by the company where I performed the internship. It permits to
distinguish the layers that contribute to the settlements and to fill in the
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grey cells with the parameters obtained from the CRS test. It calculates
the OCR degree and the actual stress conditions, and shows it in a graph.
At the end of the document the settlements are calculated and also a rate
of them during time.
3.2.2 Resulting settlements in the clay
The settlements have been calculated in one point for each colour area,
exept in the yellow area, where they have been calculated in two points,
given that two CRS were avaiable. In particular the points are:
• RED AREA: point 14W44;
• BLUE AREA: point 14W17;
• GREEN AREA: point 30, which is in the red area but it is assumed
that the deformation properties don’t change given that the point 30
is next to the green area;
• YELLOW AREA: point 16B46 and point 16B40.
The points of calculation are represented in Figure 3.5 with the respective
position and colour area.
Figure 3.5: Representation of the points where the CRS tests have been
conducted.
It can be observed that the points 14W44 and 14W17 are not exactly on
the road Dalvägen (14W44 is 53 m far and 14W17 is 120 m far), but are a
bit moved. Notwithstanding this, it can be assumed that they don’t differ
significantly from the points that are precisely on Dalvägen.
All the calculation with both the excel sheet and GS settlements are
attached at the end of this work.
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RED AREA
The red area is the most critical from every point of view because the
thickness of the clay is quite high (8−10 m) and at least for the firsts meters
the value of the shear strength is quite low (less than 10 kPa).
The CRS tests are attached at the end of this work, but the deformation

















Settl. (Load 30 kPa)
(m)
2 224 14.9 38 52 9.7 0.148
4 240 18 39 83 10 0.229
6 230 20.4 70 96 12 0.095
8 544 20.2 75 106 15 0.083
Table 3.1: Results of the CRS test in the point 14W44.
The last column of the Table 3.1 reports the settlements for a load of
30 kPa in the sublayers 1− 3 m, 3− 5 m, 5− 7 m, and 7− 9.3 m.
The settlements have been calculated with both the excel sheet and the
software Geosuite settlements and the results are reported in Table 3.2.
14W44
Excel GS settlements
20 kPa 0.270 0.258
30 kPa 0.556 0.523
40 kPa 0.819 0.778
60 kPa 1.220 1.190
Table 3.2: Settlements expressed in m for in the point 14W44.
It can be notice that the results are quite similar for the two methods
for each applied load. The resulting settlements are quite high, in fact for
a load of 30 kPa which corresponds to a filling of 1.5 m they are around
52− 55 cm.
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In addition the rate of the settlements as a function of time is calculated
and represented in Figure 3.6.
Figure 3.6: representation of the rate of the settlements with time in the
point 14W44.
It can be noticed that to obtain a consolidation of 90% the required time
is almost 600 months, corresponding to around 50 years.
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BLUE AREA
The blue area is characterized by a thickness of the clay between 3−6 m
and by a value of the shear strength around 12 kPa.
The CRS tests are attached at the end of this work, but the deformation

















Settl. (Load 30 kPa)
(m)
2 4041 13.2 285 421 46 0.005
3 223 17.7 68 106 12 0.032
4 760 16.9 62 134 15 0.022
Table 3.3: Results of the CRS test in the point 14W17.
The last column of the Table 3.3 reports the settlements for a load of 30 kPa
in the sublayers 0.6− 2.5 m, 2.5− 3.5 m and 3.5− 4.3 m.
The settlements have been calculated with both the excel sheet and the
software Geosuite settlements and the results are reported in Table 3.4.
14W17
Excel GS settlements
20 kPa 0.022 0.034
30 kPa 0.059 0.076
40 kPa 0.113 0.130
60 kPa 0.222 0.239
Table 3.4: Settlements expressed in m for in the point 14W17.
It can be notice that the results are quite similar for the two methods
for each applied load. The resulting settlements are quite low, in fact for
a load of 30 kPa which corresponds to a filling of 1.5 m they are around
6− 8 cm.
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In addition the rate of the settlements as a function of time is calculated
and represented in Figure 3.7.
Figure 3.7: representation of the rate of the settlements with time in the
point 14W17.
It can be noticed that to obtain a consolidation of 90% the required time
is 60 months, corresponding to 5 years.
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GREEN AREA
The green area is the less critical because the thickness of the clay is
quite low (1− 4 m).
The CRS tests are attached at the end of this work, but the deformation

















Settl. (Load 30 kPa)
(m)
2 339 15 42 67 9 0.054
3 418 15.6 43 75 10 0.095
Table 3.5: Results of the CRS test in the point 30.
The last column of the Table 3.5 reports the settlements for a load of 30 kPa
in the sublayers 1.2− 2.5 m and 2.5− 4.5 m.
The settlements have been calculated with both the excel sheet and the
software Geosuite settlements and the results are reported in Table 3.6.
30
Excel GS settlements
20 kPa 0.068 0.097
30 kPa 0.149 0.183
40 kPa 0.231 0.269
60 kPa 0.366 0.411
Table 3.6: Settlements expressed in m for in the point 30.
It can be notice that the results are quite similar for the two methods
for each applied load. The resulting settlements for a load of 30 kPa which
corresponds to a filling of 1.5 m are around 15− 18 cm.
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In addition the rate of the settlements as a function of time is calculated
and represented in Figure 3.8.
Figure 3.8: representation of the rate of the settlements with time in the
point 30.
It can be noticed that to obtain a consolidation of 90% the required time
is more than 40 months, corresponding to around 3.5 years.
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YELLOW AREA
The yellow area is characterized by a thickness of the clay between 4−
6.5 m and by a value of the shear strength around 13.5 kPa.
The CRS tests are attached at the end of this work, but the deformation

















Settl. (Load 30 kPa)
(m)
2.5 802 16.4 83 135 19 0.007
4 446 12.4 59 94 13 0.083
6 349 14.7 93 111 12 0.027
Table 3.7: Results of the CRS test in the point 16B46.
The last column of the Table 3.7 reports the settlements for a load of 30 kPa
in the sublayers 2− 3.25 m, 3.25− 5 m and 5− 8 m.
The settlements have been calculated with both the excel sheet and the
software Geosuite settlements and the results are reported in Table 3.8.
16B46
Excel GS settlements
20 kPa 0.064 0.068
30 kPa 0.117 0.115
40 kPa 0.238 0.228
60 kPa 0.473 0.540
Table 3.8: Settlements expressed in m for in the point 16B46.
It can be notice that the results are quite similar for the two methods
for each applied load. The resulting settlements are low, in fact for a load of
30 kPa which corresponds to a filling of 1.5 m they are around 11− 12 cm.
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In addition the rate of the settlements as a function of time is calculated
and represented in Figure 3.9.
Figure 3.9: representation of the rate of the settlements with time in the
point 16B46.
It can be noticed that to obtain a consolidation of 90% the required time is
more than 300 months, corresponding to around 25 years.
95
Given that a CRS test has been performed also in the point 16B40, the
settlements have been calculated for this point.
The deformation parameters influencing the settlements in the point 16B40
















Settl. (Load 30 kPa)
(m)
2 3343 10.2 130 314 28 0.005
3 313 16.2 52 73 12 0.056
5 252 16.2 58 77 11 0.127
Table 3.9: Results of the CRS test in the point 16B40.
The last column of the Table 3.9 reports the settlements for a load of 30 kPa
in the sublayers 1.5− 2.5 m, 2.5− 4 m, and 4− 5.8 m.
The settlements have been calculated with both the excel sheet and the
software Geosuite settlements and the results are reported in Table 3.10.
16B40
Excel GS settlements
20 kPa 0.073 0.109
30 kPa 0.188 0.208
40 kPa 0.294 0.306
60 kPa 0.432 0.462
Table 3.10: Settlements expressed in m for in the point 16B40.
It can be notice that the results are quite similar for the two methods for
each applied load. The resulting settlements for a load of 30 kPa which
corresponds to a filling of 1.5 m are around 18− 20 cm.
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In addition the rate of the settlements as a function of time is calculated
and represented in Figure 3.10.
Figure 3.10: representation of the rate of the settlements with time in the
point 16B40.
It can be noticed that to obtain a consolidation of 90% the required time is
almost 100 months, corresponding to around 8 years.
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The settlements of all the areas are then compared in Table 3.11, where
it is possible to notice that the highest settlements for every load are in the
red area, while the lowest are in the blue area and not in the green one. The
reason of this is mainly due to the OCR degree, as will be then discussed.
14W44
Excel GS settlements
20 kPa 0.270 0.258
30 kPa 0.556 0.523
40 kPa 0.819 0.778
60 kPa 1.220 1.190
14W17
Excel GS settlements
20 kPa 0.022 0.034
30 kPa 0.059 0.076
40 kPa 0.113 0.130
60 kPa 0.222 0.239
30
Excel GS settlements
20 kPa 0.068 0.097
30 kPa 0.149 0.183
40 kPa 0.231 0.269
60 kPa 0.366 0.411
16B46
Excel GS settlements
20 kPa 0.064 0.068
30 kPa 0.117 0.115
40 kPa 0.238 0.228
60 kPa 0.473 0.540
16B40
Excel GS settlements
20 kPa 0.073 0.109
30 kPa 0.188 0.208
40 kPa 0.294 0.306
60 kPa 0.432 0.462
Table 3.11: Settlements of all the areas, expressed in meters.
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Some observations and remarks regarding the parameters that mostly
affect the settlements are necessary. In particular:
• the thickness of the soft soils as the clay. Usually and obviously, more
clay means more settlements, but this is not always true. In fact, it
depends also on the other parameters.
• the OCR degree, which depends on the pre-consolidation pressure
and on the actual effective stress. In fact, higher the pre-consolidation
pressure, higher the OCR degree, and consequent smaller settlements.
More than this also the level of the ground water table influences the
OCR degree, because if the GWT rises, the water pressure rises too,
the effective stress decreases because the total stress σ = σ′ + u is
constant (Terzaghi’s principle). Consequently, smaller effective stress
means higher OCR so less settlements. On the opposite side, if the
GWT lowers, the OCR decreases because the water pressure is lower
so the effective stress is higher.
• the value of the Modulus: higherML means smaller settlements, while
on the opposite side lower ML means higher settlements.
In the tables showing the CRS results (Table 3.1, Table 3.3, Table 3.5,
Table 3.7 and Table 3.9), the last column reports the settlements for each
sub-layer for a load of 30 kPa, so it is possible to better compare the para-
meters influencing the settlements.
Looking at the Table 3.1 we can see that for the firsts two layers the settle-
ments are quite high, while for the other two the settlements are very low.
The reason of this difference is basically due to the higher value of the pre-
consolidation pressure (which implicates an higher OCR) and to the higher
value of the Modulus for the last layer.
Looking at the Table 3.3 we can now see that for the first layer the settle-
ment is very low while for the other two layers the settlements are higher.
The reason of this difference is basically due to the fact that the Modulus,
the pre-consolidation pressure and the limit pressure of the first layer are
very high, and they are probably due to the presence of the clay dry crust.
This is confirmed from the value of the shear strength at that depth, which
is 46 kPa.
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So, the two main parameters that influence the settlements are the pre-
consolidation pressure and the Modulus. But which of the two has more
influence? For this purpose a sensitivity analysis is necessary.
Considering the three equations of the settlement calculations, equation
3.2.1, 3.2.2 and 3.2.3, we can notice that the pre-consolidation pressure is
always in the numerator while the Modulus is always in the denominator.
This imply that if considering for example the equation 3.2.2, the partial de-
rivative of the deformations ε with respect to the pre-consolidation pressure
σ
′











that means that fixed ML and M0 and changing σ
′
C, ε changes linearly.
On the other hand, the partial derivative of the deformations ε with respect









that means that fixed σ′C and σ
′ and changingML, ε changes according to a
inverse quadratic function that means that the deformation ε changes more
as much as the modulus is small.
Another important consideration is the evaluation of the rate of the
settlements as a function of time:
• 30: after 12 months the consolidation is at 48%;
• 14W17: after 12 months the consolidation is at 40%;
• 16B40: after 12 months the consolidation is at 32%;
• 16B46: after 12 months the consolidation is at 18%;
• 14W44: after 12 months the consolidation is at 13%.
The difference is mainly due to the distinct values of the consolidation
coefficient, which is higher for the point 30 (cv = 1.56 × 10−08m2s ), lo-
wer for the point 14W44 (cv = 7.3 × 10−09m2s ) and mean for the others:
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(cv = 7.06 × 10−09m2s ). The consolidation coefficients have been obtained
by the CRS tests.





where t is the time we want to know the consolidation degree and H is the
drainage length, considered as half of the thickness of the clayey layer.
Finally, T is a factor depending on U , the consolidation degree: higher T
means higher U and vice versa.
To obtain a consolidation of 90% the required time is:
• 30 (green): 3,5 years.
• 14W17 (blue): 5 years;
• 16B40 (yellow): 8 years;
• 16B46 (yellow): 26 years;
• 14W44 (red): 48 years.
It can be noticed that the required time for the whole consolidation is very






In a geotechnical project, the slope stability is one of the main factors to
check, because a soil reinforcement is often necessary. For this reason and
next to the settlement calculations, the slope stability is one of the most
important examination.
The slope stability analysis essentially deals with the formation of land-
slides, which are connected with both geological and geotechnical reasons.
The formation of a landslide happens when the stabilising forces are smal-
ler than the destabilising forces that act on the soil. The parameter that
describes this relationship is the safety factor, which is the ratio between





An increase of the destabilising forces can be due for example to the erosion
of the slope, to a raising of the ground water table or to the increase of the
load on the slope. On the other hand, the main parameter that influences
the stabilising forces is the shear strength, which obviously depends on the
type of soil. The clay is the soil that has the lowest values of shear strength,
so the slope stability analysis in Dalvägen area is quite necessary.
For definite slope as the embankments or the excavations, the theory that
is usually applied is the the global limit equilibrium. The assumptions of
the method are:
• circular slip surface;
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• plain strain;
• plastic behaviour of the soil;
• Mohr Coloumb theory.
More than this, it supposes that the soil doesn’t deform until the break
which corresponds to the formation of a landslide. For this reason, the
break will be a clear-cut because it will separate the stable soil and the
unstable soil.
A more simplification is given by the method of slices which divides the
unstable area in several slices, as showed in Figure 4.1 and calculates the
stability for each one of them.
Figure 4.1: representation of a slope divided in slices (Connolly, 1997). On
the right there’s the representation of the force acting on each slice.
4.1 Bishop and Fellenius.
The Fellenius or Swedish method considers equal to zero all the normal
forces to the sliding surface acting on the lateral sides, so considering the
figure above, E1 = E2 = X1 = X2 = 0. It results that the destabilising
force Ss is equal to:
Ss = Ws × sinα (4.1.1)
while the stabilising force Ns is equal to:
Ns = Ws × cosα (4.1.2)
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where Rs is the radius of the sliding surface.
Depending the stabilising force by the shear strength of the soil at the failure
surface and by the weight of the slice in the perpendiculat direction to the




[csilsi +Nsi × tanφi] (4.1.4)
while depending the un-stabilizing moment by the weight of the slice in the







[Wsi × sinαi ×Rs] (4.1.5)






i=1[csilsi + (Nsi − ui) tanφi]∑N
i=1Wsi × sinαi
(4.1.6)
On the other hand, the main hypothesis of the Bishop simplified method is
to considers equal to zero all the vertical forces to the sliding surface acting
on the lateral sides, so considering the figure above, E1s = E2s = 0.





i∆xi +Nsi tanφi× cosαi)× tanαi (4.1.7)
where through simplifications results that:
Nsi =















i=1[csilsi + (Nsi − Usi) tanφi]∑N
i=1Wsi × sinαi
(4.1.9)
So, in the Bishop simplified method we obtain the safety factor depending
on itself, and consequently an iterative process is necessary.
Usually, the most used method is the Bishop semplified, even if the most
conservative is the Fellenius method, given that it provides the lowest safety
factors.
4.1.1 GS stability.
The software used in this work to calculate the slope stability, which is based
on the previous theory is GeoSuite Stability, a Novapoint software. It allows
to start from a CAD section with a definite excavation or embankments,
and then let to choose the stratigraphy of the soil. The value of the shear
strength is the most important parameter, in fact the software permits also
to create a shear strength profile with depth. The values of shear strength
which have been used to calculate the slope stability in each area have been
previously reported in the tables 2.2, 2.4, 2.6 and 2.8 and correspond to the
shear strengths referred to the depth interval. Other important parameters
to choose in the software are the level of the ground water table and the
applied loads, which can be a point load, a distributed load or a shear load.
The points where the load is acting can be decided, and also if the calcula-
tion is on a right or left slope. Finally it is possible to choose between some
calculation methods (Bishop, Bishop semplified, Force Equilibrium, Beast)
and also between some calculation strategies. The calculation strategies
differ substantially in the shape of the searching area of slip, as showed in
Fig. 4.2.
In the end the software calculates the most probable slip surface, with the
corrisponding safety factor. It is also possible to force the slip surface to
pass through a definite point, which is very useful in the cases where the
slip surface given by the program is not realistic or insignificant.
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Figure 4.2: representation of the different calculation strategies.
4.1.2 Resulting slope stability
The slope stability analysis have been conducted in 4 points, one for each
colour area. More than this, the analysis have been conducted in the most
critical points of each colour area, and in particular in the points with the
highest thickness of clay:
• red area: point 16B34;
• blue area: point 16B12;
• green area: point 16B19;
• yellow area: point 16B46;
The main parameter of the slope stability calculations is the shear strength
of the clay, whose values are reported in the tables 2.2, 2.4, 2.6 and 2.8. The
calculations have been performed in the case of a 3 and 4.5 m of excavation
with 3 different slope, as showed in Figure 4.3.
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Figure 4.3: representation of the different slope configurations.
The slip surfaces have been calculated with the software Geosuite Sta-
bility, with a distributed load and with the Rtangent calculation strategy,
which requires a centre point, a rectangular searching area, and the upper
and lower tangential levels in which searching the slip surface. Obviously,
being the clay the weak layer the slip surfaces have been searched in this
layer.
The desired safety factor for reaching the stability is 1.3, as established by
the swedish regulations. In fact, notwithstanding the geotechnical eurocode
establishes a SF of 1.0, the current swedish regulation requires 1.3, so this
will be the desired safety factor in this work.
The slip surfaces have been calculated with the software GeoSuite Stabili-
ty, which permits also to visualize the contour lines of the different safety
factors, as showed in Figure 4.4, to better determine the slip surface that
gives the lowest safety factor.





Figure 4.5: representation of the slip surface and the safety factor in 16B34
with slope 1:1 and 3 m of excavation.
SLOPE 1:2
Figure 4.6: representation of the slip surface and the safety factor in 16B34
with slope 1:2 and 3 m of excavation.
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SLOPE 2:1
Figure 4.7: representation of the slip surface and the safety factor in 16B34
with slope 2:1 and 3 m of excavation.
The results are then summarized in Table 4.1.





Table 4.1: Resulting safety factor for the different slope for the point 16B34
and for an excavation of 3 m.
In every case the safety factor is smaller than the minimum required. Ob-
viously, the minimum SF is obtained by the slope 2:1 which is the steepest,
while the highest SF is obtained by the slope 1:2 which is the less steep.
Another important thing to notice it that the resulting slip surface never
extends in the third layer of clay; this is due to the higher value of the shear





Figure 4.8: representation of the slip surface and the safety factor in 16B34
with slope 1:1 and 4.5 m of excavation.
SLOPE 1:2
Figure 4.9: representation of the slip surface and the safety factor in 16B34
with slope 1:2 and 4.5 m of excavation.
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SLOPE 2:1
Figure 4.10: representation of the slip surface and the safety factor in 16B34
with slope 2:1 and 4.5 m of excavation.
The results are then summarized in Table 4.2.





Table 4.2: Resulting safety factor for the different slope for the point 16B34
and for an excavation of 4.5 m.





Figure 4.11: representation of the real slip surface and the safety factor in
16B12 with slope 1:1 and 3 m of excavation.
SLOPE 1:2
Figure 4.12: representation of the slip surface and the safety factor in 16B12
with slope 1:2 and 3 m of excavation.
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SLOPE 2:1
Figure 4.13: representation of the slip surface and the safety factor in 16B12
with slope 2:1 and 3 m of excavation.
The results are then summarized in Table 4.3.





Table 4.3: Resulting safety factor for the different slope for the point 16B12
and for an excavation of 3 m.






Figure 4.14: representation of the real slip surface and the safety factor in
16B12 with slope 1:1 and 4.5 m of excavation.
SLOPE 1:2
Figure 4.15: representation of the slip surface and the safety factor in 16B12
with slope 1:2 and 4.5 m of excavation.
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SLOPE 2:1
Figure 4.16: representation of the slip surface and the safety factor in 16B12
with slope 2:1 and 4.5 m of excavation.
The results are then summarized in Table 4.4.





Table 4.4: Resulting safety factor for the different slope for the point 16B12
and for an excavation of 4.5 m.






Figure 4.17: representation of the slip surface and the safety factor in 16B19
with slope 1:1 and 3 m of excavation.
SLOPE 1:2
Figure 4.18: representation of the slip surface and the safety factor in 16B19
with slope 1:2 and 3 m of excavation.
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SLOPE 2:1
Figure 4.19: representation of the slip surface and the safety factor in 16B19
with slope 2:1 and 3 m of excavation.
The results are then summarized in Table 4.5.





Table 4.5: Resulting safety factor for the different slope for the point 16B19
and for an excavation of 3 m.
It is important to notice that the safety factor of 1.3 is reached in the green
area and for the configuration of a 1:2 slope. In other words, the minimum






Figure 4.20: representation of the slip surface and the safety factor in 16B19
with slope 1:1 and 4.5 m of excavation.
SLOPE 1:2
Figure 4.21: representation of the slip surface and the safety factor in 16B19
with slope 1:2 and 4.5 m of excavation.
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SLOPE 2:1
Figure 4.22: representation of the slip surface and the safety factor in 16B19
with slope 2:1 and 4.5 m of excavation.
The results are then summarized in Table 4.6.





Table 4.6: Resulting safety factor for the different slope for the point 16B19
and for an excavation of 4.5 m.






Figure 4.23: representation of the real slip surface and the safety factor in
16B46 with slope 1:1 and 3 m of excavation.
SLOPE 1:2
Figure 4.24: representation of the slip surface and the safety factor in 16B46
with slope 1:2 and 3 m of excavation.
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SLOPE 2:1
Figure 4.25: representation of the slip surface and the safety factor in 16B46
with slope 2:1 and 3 m of excavation.
The results are then summarized in Table 4.7.





Table 4.7: Resulting safety factor for the different slope for the point 16B46
and for an excavation of 3 m.






Figure 4.26: representation of the real slip surface and the safety factor in
16B46 with slope 1:1 and 4.5 m of excavation.
SLOPE 1:2
Figure 4.27: representation of the slip surface and the safety factor in 16B46
with slope 1:2 and 4.5 m of excavation.
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SLOPE 2:1
Figure 4.28: representation of the slip surface and the safety factor in 16B46
with slope 2:1 and 4.5 m of excavation.
The results are then summarized in Table 4.8.





Table 4.8: Resulting safety factor for the different slope for the point 16B46
and for an excavation of 4.5 m.
Even in this point and in every case the safety factor is smaller than the
minimum required.
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In conclusion, the safety factor is reached only in the green area, only
for a 3 m excavation and only in the less critical slope configuration, which
is also not very significant, because usually the excavations have a slope of
at least 1:1.
For this reason a stabilization intervention is quite necessary. The results
of all the areas are reported in Table 4.9.
RED AREA



















Table 4.9: Results of all the areas.
It is possible to notice that for the red area, which is the most critical,
the safety factors are the lowest, and in fact in the point of the calcula-
tion (16B34) the thickness of the clay is 9.5 m and the values of the shear
strength are quite low (Table 2.2). On the other hand, for the green area
which is the less critical (less thickness of clay, high shear strength (15 kPa,
see Table 2.6) the safety factors are the highest.
The safety factors of the blue and yellow areas are very similar, but in gene-
ral the values of the yellow area are slightly higher; this reflects the values
of the shear strength, which are a bit higher in the yellow area (13.5 kPa,






In this chapter will be first explained the reason of the use of the Lime-
Cement columns instead of other methods.
After that some calculations of the settlements after the stabilization with
the columns will be performed and they will highlight the improvement
of the settlements given by this method of stabilization. Then it will be
calculated the necessary shear strength that permit the reaching of a safety
factor of 1.3 and the corresponding slip surfaces will be shown.
Finally, both the calculations of the settlements and the slope stability will
led to a columns planning, especially defining the distance between the
colunmns center.
5.1 Why the Lime-Cement columns?
First of all, in Dalvägen area the problem is double because not only impor-
tant settlements are present, but also the safety factor is not sufficient to
ensure a slope stability. For this reasion many other methods that would act
only to improve the settlements are excluded, as the installation of vertical
drains.
Another method would be the installation of light materials, which perfor-
ming the excavation of the superficial granular material and the following
filling with light materials characterized by a very low value of density, led
to a final load of 0 kPa. Notwithstanding this, the method is excluded
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because a) it doesn’t have any effect on the slope stability and b) it isn’t
totally safe because a stagional oscillation of the ground water table would
implicate a load different than 0 kPa.
From an economical point of view the Lime-Cement columns are one of
the cheapest method, given that the price of 1 m of a standard columns
with a diameter of 0.6 m swings between 80 and 100 krona, which corre-
sponds to 8 − 10 euros. Obviously, beyond this risible price it has to be
considered also the transport and the installation of the Lime-Cement co-
lumn machines and the previous planning of the soil stabilization. Given
that the Lime-Cement columns machines are very huge so their transporta-
tion is not very simple, the price of the transport is around 100000 krona,
which corresponds to around 10000 euros. Even the previous planning of
the stabilization requiring a lot of work has a high price of 10000 euros.
Considering these two prices, the columns don’t seem anymore cheap, but
it has also to be considered the huge size of Dalvägen project. In fact, ano-
ther method could be the excavation of the clay but a) the price of 1 m3 of
excavation is around 500 krona (50 euros), 2) it is quite impossible to dig
8− 10 m of clay and 3) only Dalvägen street is around 1200 m long, so the
excavations are not convenient.
In fact, if considering that the columns stabilizes only themselves we have
that 1 m of columns that corresponds to 0.283 m3 costs 10 euros, while as
already mentioned an excavation of 1 m3 costs 50 euros. The total cost is
then represented in Figure 5.1, where it is possible to notice that the exca-
vation is economically convenient only if smaller than 1400 m3.
On the other hand it is more correct to consider that the columns doesn’t
stabilize only themselves, but all an area around them. In the case of sin-
gle columns with a distance between the centres of 1.2 m they stabilize a
square area of 1.44 m2, so 10 euros is the cost of 1.44 m3. In this case the
total cost is represented in Figure 5.2, where it is possible to notice that the
excavation is economically convenient only if smaller than 500 m3.
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Figure 5.1: representation of the price of the Lime-Cement columns com-
pared to the excavations if the columns stabilize only themselves.
Figure 5.2: representation of the price of the Lime-Cement columns com-
pared to the excavations if the columns stabilize an area around them.
Anyway, in all the two cases, the quantity of excavation that results
economically convenient is quite small, in fact both 1400 and 500 m3 are
not comparable with Dalvägen area. The only way where the excavations
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would be used instead of the columns is in the few points where the clay
thickness is low (around 1− 3 m), so only in the places where the columns
can’t be installed.
Another possible method would be the installation of the sheet pile walls,
but 1) it is suitable only for the slope stability and not for the settlements
and 2) it has a very high cost: 5000 kr/m2 which corresponds to around
500 euros/m2.If considering that the sheet pile walls should be installed
with a depth under the excavation of at least 2/3 of the height of the ex-
cavation, we obtain that the total lenght of a sheet pile wall is 5 m for an
excavation of 3 m and a total lenght of 7.5 m for an excavation of 4.5 m.
Considering a lenght of the excavation of 50 m, it results that the total area
is respectively 250 and 375 m2, so the total cost for the installation of the
sheet pile walls is respectively 125000 and 187500 euros.
To have a comparison with the Lime-Cement columns, we know that in the
case of excavations the pattern has to be a slab. Considering a slab distance
of 2.5 m and the lenght of the excavation of 50 m, it results that 20 slabs
have to be arranged. Considering a perpendicular lenght to the excavation
of 6 m and that the columns have to overlap for 10 cm, we obtain that 12
columns are necessary in the perpendicular direction to the excavation. So,
the total number of columns that have to be installed along the 50 m is
240. As seen before the price for the columns is 10 euros per 0.28 m3, so
which will be the length of the columns necessary to obtain the same price
of the sheet pile walls? The solution is represented in Figure 5.3, where it
is assumed that the columns stabilize only themselves and it is considered
also the price of the transport and the planning of the columns (20000 euros
in total). It is possible to notice that the lenght of the columns necessary to
equal the price of the sheet pile walls in both the two cases are very high,
around 22 m and 37 m, which are surely not comparable with the columns
that will be installed along Dalvägen, which are at most around 10 m.
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Figure 5.3: representation of the price of the Lime-Cement columns com-
pared to the sheet pile walls.
5.2 Settlements calculation after the LCC in-
stallation.
The method of calculation of the settlements after the installation of the
Lime-Cement columns is specified by some swedish regulations which are
presented in the Report 4:95 of the Swedish Geotechnical Society.
The method is based on the hypothesis that the columns and the un-
stabilized clay support the same compression. This implies that the load
on the un-stabilized clay is transferred to the columns (q2), while the load
on the columns is transferred at their base (q1), as showed in Figure 5.4.
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Figure 5.4: representation of the load distribution in the column reinforce-
ment (SGF report 4:95, 2000).
To calculate the different parts q1 and q2 of the total load, it is necessary
to consider the load-deformation curve in Figure 5.5.
Figure 5.5: load-deformation curve (SGF report 4:95, 2000).
The curve is linear until the creep strength is reached and the slope of the
curve represents the compression modulus of the columns Mcol. After the
creep strength has been exceeded, the load on the columns is constant. The
creep strength of clay and Lime-Cement columns can be put between 65
and 80% of the ultimate strength σult, which is function of the characte-
ristic undrained shear strength and of the horizontal pressure σh on the
columns. Considering a creep strength of 65% (most conservative case), the
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calculation starts with a maximum load on the single columns that is:
q1max = 0.65× a× σult (5.2.1)
where a is calculated as seen before in equation 1.2.3.
σult is function of the shear strength τ of the columns and of the horizontal
pressure σh, accordin to the empirical equation:
σult = 2× τ + 3× σh (5.2.2)
Where σh can be assumed equal to σv or as q2 . Consequently,
q2 = q − q1 (5.2.3)
since the total load is made up of the two parts, the load on the columns and
the load on the un-stabilized clay. Having the different loads for the columns
and for the un-stabilized clay, it is possible to calculate the settlements for
these two different parts:







where h is the single stratum thickness (the model considers the clay
profile divided into some strata);
• the settlements for the un-stabilized clay:


































































The total settlements will be different in two cases:
• If S1 > S2, a load transfer begins reducing q1 and increasing q2. An
iterative process is necessary, because for each new load q1 and q2 new
settlements result, and the equation for S2 can vary (Equation 5.2.5
or 5.2.6 or 5.2.7). This iterative process continues until S1 = S2.
• If S1 < S2, the columns can’t sustain any more load, so the settlements
will be equal to S2.
It is important to notice that the total settlements are function of several
parameters, as:
• the ratio between Mcol and Mclay;
• the extension of the stabilized soil with the columns;
• the consolidation properties of the clay;
• the creep load of the columns;
• the time of load application;
• the permeability of the columns and of the un-stabilized soil; usually
the permeability of the columns is much higher (1000 times) than the
one of the un-stabilized clay, so the columns may be considered as
drains.
One of the most important things to consider when stabilizing a soil is the
time trend of the settlements. This is obviously dependent on the degree
of consolidation because until the consolidation has not completely occur-
red, the settlements would be present. The consolidation process can be
accelerated with some techniques as the use of pre-charge, but when using
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the Lime-Cement columns, these can be considered as vertical drains ac-
celerating the process. The degree of consolidation is calculated with the
following equation:
U = 1− exp




where ch is the coefficient of consolidation in the un-stabilized clay, normal-
ly considered as 2cv, t is the period of consolidation and R is the influence
radius of columns.
In the end, the parameter f(n) is dependent on the geometrical configura-
tion of the columns, which act as radial drains so they have an influencing
equivalent diameter, and in fact the consolidation degree in Eq. 5.2.8 is a
radial degree. f(n) is calculated as:
f(n) =
n2
n2 − 1 ×
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where n = R
r
with r column radius and LD the drainage length.
5.2.1 Limeset.
The two ways used in this work to calculate the settlements of the stabilized
soil, which use the previous equations are:
• Limeset;
• An excel sheet.
Limeset is a software developed by the Swedish Geotechnical Institute in
1989 which is based on the theory seen before. It starts from the parameters
of each layer as its thickness, its effective density, the pre-consolidation
pressure, the limit pressure, the compression modulus, the modulus number,
the modulus before the pre-consolidation pressure, the compression modulus
of the columns and the shear strength of the columns. Other important
needed parameters are the ground water level, the column diameter and
length, the consolidation coefficient, the value of the creep strength, the
ratio between the permeability of the columns and the one of the clay and
the type of the drainage (single or double). In the end it asks for the
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applied load and the centre distances between the columns. The output of
the program is a txt file in which the settlements for the several loads and
centre distances are reported, and also the time needed for a specific degree
of consolidation.
During my internship period, I developed an excel workbook which calculate
the settlements after the reinforcement using the same theoretical equations
of Limeset. The blue cells are the cells that have to be filled in, while the
white cells are parameters obtained from the calculations that have not to
be modified and the green cells are the final settlements. It is possible to
choose three different center distances and three loads for each one of these.
It calculates also the rate of the settlements with time. At the end two
graphs are showed: one with the settlements as a function of the loads and
one with the settlements as a function of the time.
5.2.2 Resulting settlements after the LCC installation.
All the settlements after the reinforcement have been calculated with both
Limeset and the excel workbook which are attached at the end of this work,
while in this chapter the main results are presented.
The settlements have been calculated for three different loads (20, 30 and





Load (kPa) c1(m) c2(m) c3(m) c1(m) c2(m) c3(m)
20 0.039 0.050 0.063 0.040 0.052 0.064
30 0.059 0.082 0.110 0.062 0.086 0.112
40 0.083 0.118 0.157 0.087 0.122 0.161
Table 5.1: Settlements calculation after the stabilization with the Lime-
Cement columns in the point 14W44. c1 corresponds to 0.8 m, c2 to 1 m
and c3 to 1.2 m.
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The rate of the settlements with time is represented in Figure 5.6.
Figure 5.6: representation of the rate of the settlements with time in the
point 14W44 after the LCC for three different centre distance c1, in partic-
ular 0.8 m, 1 m and 1.2 m.
We can notice that the 90% of the consolidation is already reached after
500-550 days with a centre distance between the columns of 1.2 m which
is the worst configuration. Compared to the required time before the soil





Load (kPa) c1(m) c2(m) c3(m) c1(m) c2(m) c3(m)
20 0.007 0.009 0.010 0.011 0.013 0.014
30 0.011 0.014 0.017 0.018 0.020 0.022
40 0.016 0.020 0.025 0.024 0.028 0.032
Table 5.2: Settlements calculation after the stabilization with the Lime-
Cement columns in the point 14W17. c1 corresponds to 0.8 m, c2 to 1 m
and c3 to 1.2 m.
The rate of the settlements with time is represented in Figure 5.7.
Figure 5.7: representation of the rate of the settlements with time in the
point 14W17 after the LCC for three different centre distance c1, in partic-
ular 0.8 m, 1 m and 1.2 m.
We can notice that the 90% of the consolidation is already reached after
150-170 days with a centre distance between the columns of 1.2 m which






Load (kPa) c1(m) c2(m) c3(m) c1(m) c2(m) c3(m)
20 0.015 0.021 0.028 0.018 0.024 0.030
30 0.024 0.035 0.046 0.029 0.038 0.049
40 0.035 0.049 0.065 0.039 0.053 0.069
Table 5.3: Settlements calculation after the stabilization with the Lime-
Cement columns in the point 30. c1 corresponds to 0.8 m, c2 to 1 m and c3
to 1.2 m.
The rate of the settlements with time is represented in Figure 5.8.
Figure 5.8: representation of the rate of the settlements with time in the
point 30 after the LCC for three different centre distance c1, in particular
0.8 m, 1 m and 1.2 m.
We can notice that the 90% of the consolidation is already reached after
around 140 days with a centre distance between the columns of 1.2 m which
is the worst configuration. Compared to the required time before the soil





Load (kPa) c1(m) c2(m) c3(m) c1(m) c2(m) c3(m)
20 0.024 0.030 0.035 0.028 0.034 0.039
30 0.038 0.049 0.060 0.043 0.054 0.066
40 0.052 0.070 0.088 0.061 0.078 0.095
Table 5.4: Settlements calculation after the stabilization with the Lime-
Cement columns in the point 16B46. c1 corresponds to 0.8 m, c2 to 1 m
and c3 to 1.2 m.
The rate of the settlements with time is represented in Figure 5.9.
Figure 5.9: representation of the rate of the settlements with time in the
point 16B46 after the LCC for three different centre distance c1, in particular
0.8 m, 1 m and 1.2 m.
We can notice that the 90% of the consolidation is already reached after
400-420 days with a centre distance between the columns of 1.2 m which





Load (kPa) c1(m) c2(m) c3(m) c1(m) c2(m) c3(m)
20 0.019 0.024 0.031 0.021 0.028 0.033
30 0.030 0.041 0.052 0.034 0.045 0.056
40 0.041 0.056 0.073 0.047 0.062 0.079
Table 5.5: Settlements calculation after the stabilization with the Lime-
Cement columns in the point 16B40. c1 corresponds to 0.8 m, c2 to 1 m
and c3 to 1.2 m.
The rate of the settlements with time is represented in Figure 5.10.
Figure 5.10: representation of the rate of the settlements with time in the
point 16B40 after the LCC for three different centre distance c1, in particular
0.8 m, 1 m and 1.2 m.
We can notice that the 90% of the consolidation is already reached after
200-220 days with a centre distance between the columns of 1.2 m which
is the worst configuration, while before the reinforcement the required time
was 8 years.
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Looking at the resulting settlements before and after the reiforcement of
the soil with the Lime-Cement columns it can be noticed the improvement
given by the columns, which can both significantly reduce the settlements
and the time for a complete consolidation. This confirms that the columns
act also as a drain.
5.3 Slope stability after the LCC installation.
The stabilization of the soil with the Lime-Cement columns is useful not
only for the settlements improvement, but also for the slope stability, espe-
cially where the excavations are necessary. In Dalvägen the excavations are
necessary because the placing of the municipal water works and of the sewer
system.
The effect of the LCC on the slope stability is to increase the values of the
shear strength, which as seen before is very low for the clay we find in the
area. As seen previously in equation 1.2.2, we have that:
cuk = a× cuk(col) + (1− a)× cuk(clay)
Using GS stability it is possible to change the shear strength of the clay
cuk(clay) until a safety factor of 1.3 is reached. When these safety factors are
reached, the inserted value of shear strength is equal to cuk, the final value
we want to reach after the stabilization. After that, knowing cuk, cuk(col)
which is usually 100 kPa and cuk(clay) which is the initial value of shear
strength of the clay is it possible to calculate the factor a which is the ratio
of the total column area to the total area of reinforced soil:
a =
cuk − cuk(clay)
cuk(col) − cuk(clay) (5.3.1)
Knowing a is then possible to make the columns planning, in particular to
determine c, the distance between the column centres which guarantees a
safety factor of 1.3.
This method is simple and applicable for the yellow and the green areas,
where we have only one layer of clay, so we have a unique value of the shear
strength. On the other hand, when dealing with the red and the blue areas,
which are composed of 3 and 2 layers respectively, the adopted procedure
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is a bit different.
Taking as an example the red area here we have three sub-layers of clay with
a starting shear strength of 8.5, 12.5 and 17.5 kPa respectively. The possible
methods I tried for calculating the required shear strength for reaching a
SF of 1.3 are two:
• the first is to set a unique value of shear strength for all the three
sub-layers and to change it in the software GS stability until a safety
factor of 1.3 is reached. This is the fastest method, but the procedure
is not totally correct, because the sub-layers are characterized by th-
ree different starting values of shear strength and the columns don’t
homogenize.
• the second is to decide a value of a and to calculate the resulting
shear strength for the three sub-layers with equation 1.2.2, starting
from each different shear strength value. Then these value of shear
strength are inserted in the program and the corresponding slip surface
and safety factor are calculated. This is a sort of trial and error
method because the procedure is the same until a SF of 1.3 is reached.
This method is more correct given that it implicates that the columns
improve proportionally the different values of shear strength, and for
this reason it is the one adopted in the calculations for the slope
stability after the LCC installation.
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5.3.1 Resulting slope stability after the LCC installa-
tion.





Figure 5.11: representation of the slip surface for a safety factor of 1.3 in
16B34 with slope 1:1 and 3 m of excavation.
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SLOPE 1:2
Figure 5.12: representation of the slip surface for a safety factor of 1.3 in
16B34 with slope 1:2 and 3 m of excavation.
SLOPE 2:1
Figure 5.13: representation of the slip surface for a safety factor of 1.3 in





Figure 5.14: representation of the slip surface for a safety factor of 1.3 in
16B34 with slope 1:1 and 4.5 m of excavation.
SLOPE 1:2
Figure 5.15: representation of the slip surface for a safety factor of 1.3 in
16B34 with slope 1:2 and 4.5 m of excavation.
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SLOPE 2:1
Figure 5.16: representation of the slip surface for a safety factor of 1.3 in
16B34 with slope 2:1 and 4.5 m of excavation.
The required shear strength for reaching a safety factor of 1.3 in the red
area are reported in Table 5.6.
It is important to notice that the highest shear strength is required for
reaching the safety factor of 1.3 where the slope is 2:1, which is the steepest,
while the lowest shear strength is where the slope is 1:2 which is the less
steep. More than this, the shear strength is higher for the deepest layer,
while it is lower for the shallowest because it reflects the initial value of
shear strength.
It can also be noticed that the values of shear strenth for reaching the safety
factor in the example of 4.5 m of excavation are quite higher compared to





(kPa) a (3m) a (4.5m)
2:1 1st sublayer 18.5 25.6
2nd sublayer 21.5 28.3 0.105 0.183
3rd sublayer 27.1 33.5
1:1 1st sublayer 15.7 22.1
2nd sublayer 18.9 25.0 0.075 0.145
3rd sublayer 24.7 30.4
1:2 1st sublayer 14.1 17.7
2nd sublayer 17.3 20.8 0.057 0.097
3rd sublayer 23.2 26.5
Table 5.6: Values of shear strength and a necessary fo reaching a SF of





Figure 5.17: representation of the real slip surface for a safety factor of 1.3
in 16B12 with slope 1:1 and 3 m of excavation.
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SLOPE 1:2
Figure 5.18: representation of the slip surface for a safety factor of 1.3 in
16B12 with slope 1:2 and 3 m of excavation.
SLOPE 2:1
Figure 5.19: representation of the slip surface for a safety factor of 1.3 in





Figure 5.20: representation of the real slip surface for a safety factor of 1.3
in 16B12 with slope 1:1 and 4.5 m of excavation.
SLOPE 1:2
Figure 5.21: representation of the slip surface for a safety factor of 1.3 in
16B12 with slope 1:2 and 4.5 m of excavation.
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SLOPE 2:1
Figure 5.22: representation of the slip surface for a safety factor of 1.3 in
16B12 with slope 2:1 and 4.5 m of excavation.
The required shear strength for reaching a safety factor of 1.3 in the blue




(kPa) a (3m) a (4.5m)
2:1 1st sublayer 19.2 25.8 0.099 0.173
2nd sublayer 21.6 28
1:1 1st sublayer 15.6 22.3 0.059 0.134
2nd sublayer 18.1 24.7
1:2 1st sublayer 15.0 18.2 0.052 0.088
2nd sublayer 17.5 20.7
Table 5.7: Values of shear strength and a necessary for reaching a SF of
1.3 for the different slope for the point 16B12 and for the two different
excavations.
Even in this case the highest shear strength is required for reaching the
safety factor of 1.3 where the slope is 2:1, which is the steepest, while the
lowest shear strength is where the slope is 1:2 which is the less steep. More
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than this, the shear strength is higher for the deepest layer, while it is lower
for the shallowest because it reflects the initial value of shear strength.
Even in this case the values of shear strenth for reaching the safety factor





Figure 5.23: representation of the slip surface for a safety factor of 1.3 in
16B19 with slope 1:1 and 3 m of excavation.
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SLOPE 2:1
Figure 5.24: representation of the slip surface for a safety factor of 1.3 in




Figure 5.25: representation of the slip surface for a safety factor of 1.3 in
16B19 with slope 1:1 and 4.5 m of excavation.
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SLOPE 1:2
Figure 5.26: representation of the slip surface for a safety factor of 1.3 in
16B19 with slope 1:2 and 4.5 m of excavation.
SLOPE 2:1
Figure 5.27: representation of the slip surface for a safety factor of 1.3 in
16B19 with slope 2:1 and 4.5 m of excavation.
The required shear strength for reaching a safety factor of 1.3 in the





(kPa) a (3m) a (4.5m)
2:1 1st sublayer 19.2 31.2 0.049 0.190
1:1 1st sublayer 19 27.3 0.047 0.145
1:2 1st sublayer 17.7 0.032
Table 5.8: Values of shear strength and a necessary fo reaching a SF of
1.3 for the different slope for the point 16B19 and for the two different
excavations.
Even in this case the highest shear strength is required for reaching the
safety factor of 1.3 where the slope is 2:1, which is the steepest, while the
lowest shear strength is where the slope is 1:2 which is the less steep.
Even in this case the values of shear strenth for reaching the safety factor
in the example of 4.5 m of excavation are quite higher compared to the 3 m
of excavation.
The shear strength for the 3 m excavation and for the slope configuration
1:2 has not been calculated because the safety factor was 1.34 even without
stabilization.
The values of shear strength for the 4.5 m excavation and for the slope 2:1
and 1:1 are quite high, and they reflect the shape of the slip surface which
for geometrical reasons has a very high center and involves a bigger quantity





Figure 5.28: representation of the real slip surface for a safety factor of 1.3
in 16B46 with slope 1:1 and 3 m of excavation.
SLOPE 1:2
Figure 5.29: representation of the slip surface for a safety factor of 1.3 in
16B46 with slope 1:2 and 3 m of excavation.
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SLOPE 2:1
Figure 5.30: representation of the slip surface for a safety factor of 1.3 in




Figure 5.31: representation of the real slip surface for a safety factor of 1.3
in 16B46 with slope 1:1 and 4.5 m of excavation.
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SLOPE 1:2
Figure 5.32: representation of the slip surface for a safety factor of 1.3 in
16B46 with slope 1:2 and 4.5 m of excavation.
SLOPE 2:1
Figure 5.33: representation of the slip surface for a safety factor of 1.3 in
16B46 with slope 2:1 and 4.5 m of excavation.
The required shear strength for reaching a safety factor of 1.3 in the
yellow area are reported in Table 5.9.
Even in this case the highest shear strength is required for reaching the





(kPa) a (3m) a (4.5m)
2:1 1st sublayer 18.6 27.2 0.059 0.158
1:1 1st sublayer 18.4 23.8 0.057 0.119
1:2 1st sublayer 17.6 21 0.047 0.087
Table 5.9: Values of shear strength and a necessary fo reaching a SF of
1.3 for the different slope for the point 16B46 and for the two different
excavations.
lowest shear strength is where the slope is 1:2 which is the less steep.
The values of shear strenth for reaching the safety factor in the example of
4.5 m of excavation are quite higher compared to the 3 m of excavation.
5.4 Columns planning
When dealing with both settlements and slope stability, the arrangement of
the columns that has to be adopted is represented in Figure 5.34.
Figure 5.34: Representation of the pattern of the columns.
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The arrangement in single columns is suitable for improving the settlements,
and the parameter that is given by the calculations is c1. On the other hand,
the arrangement in slab is necessary when dealing with the excavations,
and the parameter given by the calculations is c2, while c3 is usually 0.5 m
because the columns overlap for at least 10 cm.
As mentioned before, the value a of the slab arrangement, which is the
ratio between the total column area to the total area of the reinforced soil
can be obtained knowing the cuk for reaching the desired safety factor. The
calculated values of a which guarantee a safety factor of 1.3 have been
previously reported in the Tables 5.6, 5.7, 5.8 and 5.9.
From these values it is then possible to determine the sevral distances c2,
given Figure 5.35 and the following equations.
Figure 5.35: Representation of slab pattern for the columns.




but in the case of slab we have:
a =
Apel
c3 × c2 (5.4.1)
where Apel, c3 and c2 are represented in Figure 5.35.
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The values of c2 is obtained from the equation above, and the results for
the different excavations and areas are here reported:
RED AREA




Table 5.10: Values of c2 necessary for reaching the shear strength of Table
5.6 that ensure a SF of 1.3, for the different slope for the point 16B46 and
for the two different excavations.
BLUE AREA




Table 5.11: Values of c2 necessary for reaching the shear strength of Table
5.7 that ensure a SF of 1.3, for the different slope for the point 16B12 and
for the two different excavations.
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GREEN AREA




Table 5.12: Values of c2 necessary for reaching the shear strength of Table
5.8 that ensure a SF of 1.3, for the different slope for the point 16B19 and
for the two different excavations.
As previously discussed, notwithstanding the green area is the less cri-
tical from every point of view, for the excavation of 4.5 m and for the
configurations 2:1 and 1:1, the green area presents very high value of the
shear strength necessary to reach the safety factor of 1.3 with consequent
very low value of c2. This is essentially due to geometrial reasons.
YELLOW AREA




Table 5.13: Values of c2 necessary for reaching the shear strength of Table
5.9 that ensure a SF of 1.3, for the different slope for the point 16B46 and
for the two different excavations.
Observing the results it is possible to notice the difference of the value
c2 for the two different excavations. The excavation of 4.5 m gives habitual
values of c2, while the other are less ordinary. Obviously, the big difference
in the columns distance influences the total price and demonstrates that a
correct and efficient operation of the columns depends on the correct plan-
ning of they.
For determine the distance c1 it is necessary to consider the settlement
calculations after the LCC stabilization. Considering the load of 20 kPa
which is the same used for the stability calculations, the distance c1 which
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allows to have settlements lower than 5 cm in every area is equal to 1 m,
so this could be the c1 adopted.
Notwithstanding this, in some cases where the pipeline that has to be layed
is particularly breakable, settlements lower than 1 cm are necessary. For
this reason in some cases as in the red area where in no-one case (different
load or c1) the settlements are less than 1 cm, the use of the pre-loads is
quite necessary.
5.4.1 Pre-loads
This method consists in the application of an additional load to force the
consolidation to happen during a smaller period of time. After this time
the settlements will be totally finished and this will ensure a total safety.
The application of the pre-loads is very useful in some cases as the case of
this work, because of the laying of the pipeline and of the sewer system. The
dissipation of the settlements in a small period of time will in fact guarantee
a correct and totally operation of the tubes.
RED AREA-14W44
Considering the red area, for a centre distance of 1 m and for a load of
20 kPa the settlements are 0.05 m while for a load of 40 kPa the settle-
ments are 0.118 m. Considering the coefficient of consolidation of the red
area (7.3 × 10−9m2
s
), a columns length of 8.3 m and a permeability of the
columns equal to 500 times the permeability of the clay (standard parame-
ter for the swedish regulations), the required times for the different degree
of consolidation are reported in Table 5.36.
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RED AREA
U (%) time (days) Settl. 20 kPa (m) Settl. 40 kPa (m)
10 12.66 0.005 0.012
20 26.81 0.010 0.024
30 42.86 0.015 0.036
40 61.39 0.020 0.047
42 65.46 0.021 0.050
50 83.29 0.025 0.059
60 110.11 0.030 0.071
70 144.68 0.035 0.083
80 193.40 0.040 0.095
90 276.70 0.045 0.107
99 553.40 0.050 0.117
Table 5.14: Time necessary for the specified consolidation degree in the
red area. In the last two columns the settlements correponding to the
consolidation degree for a load of 20 and 40 kPa.
The development of the settlements during time is showed in Figure
5.36.
Figure 5.36: Development of the settlements during time for a load of 20
and 40 kPa in the red area.
The black lines shows that if a pre-load of 20 kPa (corresponding to the
difference between 20 and 40) is applied, all the settlements we would have
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with a load of 20 kPa in more than 500 days are now spended in less than
100 days, in particular around 42 days.
BLUE AREA-14W17
Considering the blue area, for a centre distance of 1 m and for a load
of 20 kPa the settlements are 0.009 m, which is already smaller than 1 cm.
For this reason the pre-loads are not necessary.
GREEN AREA-30
Considering the green area, for a centre distance of 1 m and for a load
of 20 kPa the settlements are 0.021 m while for a load of 40 kPa the
settlements are 0.049 m. Considering the coefficient of consolidation of the
green area (1.56× 10−8m2
s
), a columns length of 3.3 m and a permeability
of the columns equal to 500 times the permeability of the clay (standard
parameter for the swedish regulations), the required times for the different
degree of consolidation are reported in Table 5.15.
GREEN AREA
U (%) time (days) Settl. 20 kPa (m) Settl. 40 kPa (m)
10 3.05 0.002 0.005
20 6.45 0.004 0.010
30 10.32 0.006 0.015
40 14.77 0.008 0.020
50 20.05 0.011 0.025
60 26.50 0.013 0.030
70 34.82 0.015 0.034
80 46.55 0.017 0.039
90 66.60 0.019 0.044
99 133.20 0.021 0.049
Table 5.15: Time necessary for the specified consolidation degree in the
green area. In the last two columns the settlements correponding to the
consolidation degree for a load of 20 and 40 kPa.
The development of the settlements during time is showed in Figure
5.37.
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Figure 5.37: Development of the settlements during time for a load of 20
and 40 kPa in the green area.
The black lines shows that if a pre-load of 20 kPa (corresponding to the
difference between 20 and 40) is applied, all the settlements we would have
with a load of 20 kPa in less than 150 days are now spended in less than
50 days, in particular around 40 days.
YELLOW AREA-16B46
Considering the yellow area (point 16B46), for a centre distance of 1 m
and for a load of 20 kPa the settlements are 0.030 m while for a load of
40 kPa the settlements are 0.070 m. Considering the coefficient of conso-
lidation of the yellow area in the point 16B46 (7.06 × 10−9m2
s
), a columns
length of 6 m and a permeability of the columns equal to 500 times the
permeability of the clay (standard parameter for the swedish regulations),




U (%) time (days) Settl. 20 kPa (m) Settl. 40 kPa (m)
10 9.49 0.003 0.007
20 20.09 0.006 0.014
30 32.11 0.009 0.021
40 45.99 0.012 0.028
43 50.33 0.013 0.030
50 62.41 0.015 0.035
60 82.50 0.018 0.042
70 108.40 0.021 0.049
80 144.91 0.024 0.056
90 207.31 0.027 0.063
99 414.63 0.030 0.069
Table 5.16: Time necessary for the specified consolidation degree in the yel-
low area point 16B46. In the last two columns the settlements correponding
to the consolidation degree for a load of 20 and 40 kPa.
The development of the settlements during time is showed in Figure
5.38.
Figure 5.38: Development of the settlements during time for a load of 20
and 40 kPa in the yellow area point 16B46.
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The black lines shows that if a pre-load of 20 kPa (corresponding to the
difference between 20 and 40) is applied, all the settlements we would have
with a load of 20 kPa in more than 400 days are now spended in less than
100 days, in particular around 43 days.
YELLOW AREA-16B40
Considering the yellow area (point 16B40), for a centre distance of 1 m
and for a load of 20 kPa the settlements are 0.024 m while for a load of
40 kPa the settlements are 0.056 m. Considering the coefficient of conso-
lidation of the yellow area in the point 16B40 (1.16 × 10−8m2
s
), a columns
length of 4.3 m and a permeability of the columns equal to 500 times the
permeability of the clay (standard parameter for the swedish regulations),
the required times for the different degree of consolidation are reported in
Table 5.39.
YELLOW AREA
U (%) time (days) Settl. 20 kPa (m) Settl. 40 kPa (m)
10 4.61 0.002 0.006
20 9.75 0.005 0.011
30 15.59 0.007 0.017
40 22.33 0.010 0.022
42 23.81 0.010 0.024
50 30.30 0.012 0.028
60 40.05 0.015 0.034
70 52.62 0.017 0.039
80 70.35 0.019 0.045
90 100.64 0.022 0.051
99 201.29 0.024 0.056
Table 5.17: Time necessary for the specified consolidation degree in the yel-
low area point 16B40. In the last two columns the settlements correponding
to the consolidation degree for a load of 20 and 40 kPa.
The development of the settlements during time is showed in Figure
5.17.
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Figure 5.39: Development of the settlements during time for a load of 20
and 40 kPa in the yellow area point 16B40.
The black lines shows that if a pre-load of 20 kPa (corresponding to the
difference between 20 and 40) is applied, all the settlements we would have
with a load of 20 kPa in around 200 days are now spended in less than 50





The purpose of this work was to analyse a real case of soil reinforcement,
passing through a first analysis of the geotechnical conditions of the soil, a
analysis of the two major problems when dealing with clay, settlements and
slope stability and a final analysis of the motivations that led to the choice
of the Lime-Cement columns method.
The analysis of the soil conditions led to the creation of 4 different geo-
technical models of the soil (Chapter 2, page 64-79) and showed that the
red area is characterized by the worst soil conditions, more clay (around
10 m) and smaller shear strength. On the opposite side, the green area
is characterized by the best soil conditions, in fact in this area the thic-
kness of clay is the lowest (less than 4 m) and the shear strength is the
highest (15 kPa). The blue and the yellow area are similar, but the yel-
low is characterzied by a slightly higher thickness of clay and shear strength.
The analysis of the settlements has been conducted thanks to the CRS
result, which provided the main deformation properties as the Modulus and
the pre-consolidation pressure, necessary for the calculations, which have
been performed with both an excel sheet and a software, GeoSuite Settle-
ments. The calculations showed that the settlements are quite significant
in all the areas, especially in the red one. In fact, for a load of 20 kPa they
swing between a maximum of 0.270 m (red area, page 88) to a minimum of
0.022 m (blue area, page 90), while for a load of 30 kPa they swing betweem
a maximum of 0.556 m (red area) and a minimum of 0.059 m (blue area).
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These value of the settlements are surely not compatible with the project
of Dalvägen, not so much for the construction of the road but for the laying
of the pipeline. For this reason, the planning of the reinforcement of the
soil was really essential. Another cause that led to a reiforcement of the soil
is the rate of the settlements with time, that showed very long time for a
complete consolidation (page 101), in fact it is around 50 years for the red
area and 25 years for the yellow area, point 16B46.
A sensitivity analysis was performed to identify the parameter that most in-
fluence the settlements (page 99-100). It showed that the pre-consolidation
pressure (and consequently the OCR degree) and the deformation parame-
ters and in particular the Modulus have a bigger influence on the settlements
than the thickness of the clay. This is highlighted by the resulting settle-
ments of the green area, that notwithstanding it is characterized by the
smallest thickness of clay, it shows higher settlements than the blue area
and in some case even than the yellow area point 16B46 (see the recapi-
tulatory Table at page 98). Another important result from the sensitivity
analysis is that the OCR degree is the main parameter, because it has mo-
re influence on the settlements than the Modulus, given that the relation
between the pre-consolidation pressure and settlements is linear.
Considering the slope stability analysis, the safety factor of 1.3 established
by the swedish regulations is reached only in the green zone, in the 3 m
excavation and only in the slope configuration of 1:2 (page 118), which is
also not very significant and realistic, because usually the excavations have
a slope of at least 1:1. As showed in the recapitulatory Table at page 125
and according to the geotechnical soil models, the safety factors are highest
for the green area and lowest for the red area, while they are halfway for the
blue and the yellow areas. This reflects the values of the main parameter
for the slope stability analysis, which is obviously the shear strength.
Chaper 5 shows the many advantages of using the Lime-Cement columns
instead of other methods, in both practical and economical points of view.
A price analysis is performed and it underlines the very strong convenience
of the columns, whose price is very derisory compared to other, in fact it is
around 10 euros for 1 m of a standard column with 60 cm of diameter.
Explained the use of the columns, the calculations of the settlements after
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the reinforcement are performed, with the aim to show the improvement
that can be obtained with the columns. The calculations of the settlements
after the reinforcement have been performed for three different loads and
for three different center distance between the columns, to identify the con-
figuration that best ensure admissible settlements. Considering a load of
20 kPa and a center distance of the columns of 1 m, they are significantly
reduced: they swing between a maximum of 0.050 m (red area, page 136) to
a minimum of 0.009 m (blue area, page 138), while for a load of 30 kPa and
for the same center distance they swing between a maximum of 0.082 m
(red area) to a minimum of 0.014 m (blue area). These values are more
admissible than before the reinforcement, even if in some cases a settlement
smaller than 5 cm would be preferable. In fact, if the pipeline that has to be
layed is particularly breakable, settlements lower than 1 cm are necessary.
For this reason, the application of pre-loads just after the installation of the
columns would dissipate the settlements in a very short time, allowing the
normal and safe laying of the pipeline. The application of the pre-loads is
showed from page 163 to 169; it is quite necessary for the red area, while
for the blue it is not, given that the settlements just after the application
of the columns are lower than 1 cm.
Another important improvement given by the columns is the rate of the set-
tlements, which is strongly reduced: from 48 years to 550 days for the red
area (page 137), from 26 years to 450 days for the yellow area point 16B46
(page 140), which are the two worst areas. This improvement underlines
the behavior of the columns, that act also as a drain.
Regarding the slope stability after the reinforcement, the method adop-
ted is sort of reverse, because it starts from the center distance between
the columns to reach a specific value of shear strength that ensure a safety
factor of 1.3. The method is a trial and error type, that is based on the
fundamental equation 1.2.2. When the desired safety factor is reached with
a specific value of a and a specific shear strength, we also know the specific
center distance between the columns. This method implicates that the co-
lumns improve proportionally the different values of shear strength (as it is
in reality), and not that the columns homogenize all the soil.
So, excluding all the results for the slope configuration of 1:2 which shows
very big columns distance (11 − 16 m) which are usually not realistic, the
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distance between the slab of columns swings between 4.96 m and 11.6 m for
the excavation of 3 m, while it swings between 2.73 m and 4.37m for the
excavation of 4.5 m (see Tables at pages 161-162). It can be noticed that
the excavation of 4.5 m gives more normal and ordinary values of the slab
distance.
Another important consideration regards the shear strength and the conse-
quently slab distance necessary to obtain the safety factor of 1.3 in the case
of the green area with the excavation of 4.5 m and slope configuration of
2:1 and 1:1. In this case, notwithstanding the green area is the less critical
(less clay and higher shear strength), the necessary shear strength is very
high and the slab distance is very low, even lower than the red area. The
reason of this is the shape of the slip surface (page 154), which is flatten for
geometrical reasons, in particular because the clay between the excavation
and the underlying granular soil has a thickness of only 0.5 m, and the slip
surface is obliged to pass through this point.
In conclusion, considering both the settlements calculations and the slope
stability analysis it is possible to notice that a soil reinforcement is neces-
sary. The chosen methos is the Lime-Cement columns, which as previously
discussed is a very safe and effective method if compared to many other,
and even from an economical point of view it is very competitive. The geo-
metrical configuration of the columns is showed at page 159; considering
the results, the distance c1 that would be the best for improving the settle-
ments along Dalvägen road is 1 m, but with the application of pre-loads if
the pipeline is particularly breakable. The distance c3 is fixed and is 0.5 m,
while the distance c2 that would be the best for improving the slope stabi-
lity is different depending on the depth of the excavation and on the slope
configuration. It could be adopted the lowest, to ensure the slope stability
in every area, or alternatively it could be adopted a different value for each
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GeoSuite settlement, version 15.0.1.0
GeoSuite stability, version 15.0.1.0
Limeset, version 4.0, modified by Rolf Lingfors, 1993
Autodesk AutoCAD 2015




• Maps of Dalvägen road with the conducted surveys
• Sections of the different areas along Dalvägen
• CPT elaborations
• Lab results on some specimens
• CRS
• Settlements calculations before LCC with excel
• Settlements calculations before LCC with GS settlements
• Stability calculations before LCC with GS stability
• Settlements calculations after LCC with excel
• Settlements calculations after LCC with Limeset


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































[m] [mm/g] wL [%]
1) Okulär jordartsklassificering enl. SS-EN ISO 14688-1+2
2) Fallhöjd: mm har använts P:\2172\Uppdrag 2016\30056\[Kon 16B34 160506.xlsx] 
Grå rostfläckig varvig lera med enstaka 
tunna finsandsskikt samt enstaka 
gruskorn skredtecken
Grå sulfidbandad varvig lera med 






8.0 Grå sulfidbandad varvig lera med 
enstaka tunna siltskikt 5,00
571.0 / 
17.0 1.71









6.0 Grå sulfidbandad varvig lera 5,00 557.0 / 17.0 1.67









4.0 5,00 568.0 / 17.0 1.70








2.0 5,00 618.0 / 17.0 1.85








3.6 7 49 86.261.3 41 219 vCl (fsa)
0.38 32
226
0.40 35 44 71.845.5 58 225
84.1
56.7 224
46 61.637.5 64 223
69.3
47.3 222










































Kv St II ø 50mm
Skjuvhållfasthet
3) Okorrigerat värde. Korrigeringen rekommenderas enl. SGF-INFO nr 3. Avvikelse från SS027125: Om konintrycket är mindre än 7,0 mm med 







SWECO GEOLAB, Gjörwellsgatan 22, Box 34044,
100 26  STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60,






[m] [mm/g] wL [%]
1) Okulär jordartsklassificering enl. SS-EN ISO 14688-1+2





5.0 Grå något sulfidbandad varvig lera med 
enstaka mycket tunna finsandsskikt 5,00
561.0 / 
17.0 1.68










2.0 Grå rostfläckig varvig lera 5,00 586.0 / 17.0 1.76





60 28 3.0 9 58
83.8
55.6 51 586 vCl
3.0 Grå något sulfidbandad varvig lera 5,00 558.0 / 17.0 1.67




0.55 20 43 56.436.7 54 588








































Kv St II ø 50mm
Skjuvhållfasthet
3) Okorrigerat värde. Korrigeringen rekommenderas enl. SGF-INFO nr 3. Avvikelse från SS027125: Om konintrycket är mindre än 7,0 mm med 







SWECO GEOLAB, Gjörwellsgatan 22, Box 34044,
100 26  STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60,






[m] [mm/g] wL [%]
1) Okulär jordartsklassificering enl. SS-EN ISO 14688-1+2





6.0 Grå varvig lera 5,00 565.0 / 17.0 1.69










2.5 Grå något sulfidfläckig varvig lera 5,00 593.0 / 17.0 1.78





60 20 1.8 11 49
80.0
54.2 48 394 (su)vCl
4.0 Grå något sulfidbandad varvig lera 5,00 586.0 / 17.0 1.76




0.58 24 43 66.143.0 54 254








































Kv St II ø 50mm
Skjuvhållfasthet
3) Okorrigerat värde. Korrigeringen rekommenderas enl. SGF-INFO nr 3. Avvikelse från SS027125: Om konintrycket är mindre än 7,0 mm med 







SWECO GEOLAB, Gjörwellsgatan 22, Box 34044,
100 26  STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60,






[m] [mm/g] wL [%]
1) Okulär jordartsklassificering enl. SS-EN ISO 14688-1+2




6.0 Brungrå något sulfidfläckig varvig lera 
med enstaka grusskikt 5,00
596.0 / 
17.0 1.79






















60 19 0.94 20 48
60.6
40.1 51 269 (su)vCl
4.0 Brungrå något sulfidbandad varvig lera 5,00 564.0 / 17.0 1.69





42 77.951.4 52 271
73.5
49.8 348








































Kv St II ø 50mm
Skjuvhållfasthet
3) Okorrigerat värde. Korrigeringen rekommenderas enl. SGF-INFO nr 3. Avvikelse från SS027125: Om konintrycket är mindre än 7,0 mm med 







SWECO GEOLAB, Gjörwellsgatan 22, Box 34044,
100 26  STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60,






[m] [mm/g] wL [%]
1) Okulär jordartsklassificering enl. SGF 1981
2) Fallhöjd: mm har använts P:\2172\Uppdrag 2014\27005\[Kon 14W17 140605.xlsx] 














3.0 Grå varvig lera 5,00 564.0 / 17.0 1.69








2.0 Grå rostfläckig varvig lera med enstaka 
tunna siltskikt torrskorpekaraktär 5,00
614.0 / 
17.0 1.84





60 46 5.9 8 49
33.9
24.4 39 131 vLe(t) (si)
1.0 15 60 71.643.7 64 134


















































SWECO GEOLAB, Gjörwellsgatan 22, Box 34044,
100 26  STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60,
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB 1(1)






[m] [mm/g] wL [%]
1) Okulär jordartsklassificering enl. SGF 1981
2) Fallhöjd: mm har använts P:\2172\Uppdrag 2014\27005\[Kon 14W44 140520.xlsx] 





8.0 Brungrå varvig lera 5,00 565.0 / 17.0 1.69









6.0 Brungrå något sulfidhaltig varvig lera 5,00 553.0 / 17.0 1.66









4.0 Grå sulfidhaltig varvig lera 5,00 554.0 / 17.0 1.66








2.0 Grå sulfidfläckig varvig lera 5,00 549.0 / 17.0 1.64








0.51 19 49 33.120.4 62 425 suvLe
0.24 50
432
0.58 26 49 37.023.4 58 431
45.7
30.9 430
47 48.830.2 62 429
56.9
39.4 428


















































SWECO GEOLAB, Gjörwellsgatan 22, Box 34044,
100 26  STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60,
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB 1(1)










Sektion/borrhål: 14W17 Djup: 2,0 m Ödometer nr:  2
Densitet: 1,84 t/m3 Vattenkvot: 39 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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 14  112 
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 12  96 
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 4  32 
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Sektion/borrhål: 14W17 Djup: 2,0 m Ödometer nr:  2
Densitet: 1,84 t/m3 Vattenkvot: 39 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_579.txt 2014-06-05
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek




















Skalan i diagrammet avviker från den av SGF:s Laboratoriekommité satta rekommendation.









Sektion/borrhål: 14W17 Djup: 2,0 m Ödometer nr:  2
Densitet: 1,84 t/m3 Vattenkvot: 39 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_579.txt 2014-06-05
V'c, kPa ML, kPa V'L, kPa














































Sektion/borrhål: 14W17 Djup: 2,0 m Ödometer nr:  2
Densitet: 1,84 t/m3 Vattenkvot: 39 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_579.txt 2014-06-05










ki , m/s Ek
2,1E-10 5,0









Sektion/borrhål: 14W17 Djup: 3,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 14W17 Djup: 3,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_580.txt 2014-06-05
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek





























Sektion/borrhål: 14W17 Djup: 3,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_580.txt 2014-06-05
V'c, kPa ML, kPa V'L, kPa














































Sektion/borrhål: 14W17 Djup: 3,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_580.txt 2014-06-05










ki , m/s Ek
3,6E-10 2,3









Sektion/borrhål: 14W17 Djup: 4,0 m Ödometer nr:  4
Densitet: 1,7 t/m3 Vattenkvot: 64 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60










 6  60 
 4  40 
 2  20 
















Sektion/borrhål: 14W17 Djup: 4,0 m Ödometer nr:  4
Densitet: 1,7 t/m3 Vattenkvot: 64 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\a14_573.txt 2014-06-05
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek





























Sektion/borrhål: 14W17 Djup: 4,0 m Ödometer nr:  4
Densitet: 1,7 t/m3 Vattenkvot: 64 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\a14_573.txt 2014-06-05
V'c, kPa ML, kPa V'L, kPa














































Sektion/borrhål: 14W17 Djup: 4,0 m Ödometer nr:  4
Densitet: 1,7 t/m3 Vattenkvot: 64 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\a14_573.txt 2014-06-05










ki , m/s Ek
6,9E-11 1,7









Sektion/borrhål: 14W44 Djup: 2,0 m Ödometer nr:  3
Densitet: 1,64 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 14W44 Djup: 2,0 m Ödometer nr:  3
Densitet: 1,64 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\a14_504.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek





























Sektion/borrhål: 14W44 Djup: 2,0 m Ödometer nr:  3
Densitet: 1,64 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\a14_504.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa














































Sektion/borrhål: 14W44 Djup: 2,0 m Ödometer nr:  3
Densitet: 1,64 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\a14_504.txt 2014-05-20










ki , m/s Ek
7,5E-10 2,2









Sektion/borrhål: 14W44 Djup: 4,0 m Ödometer nr:  1
Densitet: 1,66 t/m3 Vattenkvot: 60 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60










 15  120 
 14  112 
 13  104 
 12  96 
 11  88 
 10  80 
 9  72 
 8  64 
 7  56 
 6  48 
 5  40 
 4  32 
 3  24 
 2  16 
 1  8 
















Sektion/borrhål: 14W44 Djup: 4,0 m Ödometer nr:  1
Densitet: 1,66 t/m3 Vattenkvot: 60 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_520.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek





























Sektion/borrhål: 14W44 Djup: 4,0 m Ödometer nr:  1
Densitet: 1,66 t/m3 Vattenkvot: 60 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_520.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa














































Sektion/borrhål: 14W44 Djup: 4,0 m Ödometer nr:  1
Densitet: 1,66 t/m3 Vattenkvot: 60 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_520.txt 2014-05-20










ki , m/s Ek
2,4E-10 3,5









Sektion/borrhål: 14W44 Djup: 6,0 m Ödometer nr:  2
Densitet: 1,66 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 14W44 Djup: 6,0 m Ödometer nr:  2
Densitet: 1,66 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_521.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek





























Sektion/borrhål: 14W44 Djup: 6,0 m Ödometer nr:  2
Densitet: 1,66 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_521.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa














































Sektion/borrhål: 14W44 Djup: 6,0 m Ödometer nr:  2
Densitet: 1,66 t/m3 Vattenkvot: 62 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_521.txt 2014-05-20










ki , m/s Ek
8,3E-10 4,7









Sektion/borrhål: 14W44 Djup: 8,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 58 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60










 15  60 
 14  56 
 13  52 
 12  48 
 11  44 
 10  40 
 9  36 
 8  32 
 7  28 
 6  24 
 5  20 
 4  16 
 3  12 
 2  8 
 1  4 
















Sektion/borrhål: 14W44 Djup: 8,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 58 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_522.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek





























Sektion/borrhål: 14W44 Djup: 8,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 58 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_522.txt 2014-05-20
V'c, kPa ML, kPa V'L, kPa














































Sektion/borrhål: 14W44 Djup: 8,0 m Ödometer nr:  3
Densitet: 1,69 t/m3 Vattenkvot: 58 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2014\27005\b14_522.txt 2014-05-20










ki , m/s Ek
4,9E-10 3,2









Sektion/borrhål: 16B40 Djup: 2,0 m Ödometer nr:  4
Densitet: 1,76 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 16B40 Djup: 2,0 m Ödometer nr:  4
Densitet: 1,76 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
ε [%] cv
 [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\a16_475.txt 2016-05-25
σ'c, kPa ML, kPa σ'L, kPa M' cv, min, m
2/s ki , m/s βk





























Sektion/borrhål: 16B40 Djup: 2,0 m Ödometer nr:  4
Densitet: 1,76 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
ε [%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\a16_475.txt 2016-05-25
σ'c, kPa ML, kPa σ'L, kPa













































Sektion/borrhål: 16B40 Djup: 2,0 m Ödometer nr:  4
Densitet: 1,76 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\a16_475.txt 2016-05-25




















Sektion/borrhål: 16B40 Djup: 3,0 m Ödometer nr:  5
Densitet: 1,67 t/m3 Vattenkvot: 61 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 16B40 Djup: 3,0 m Ödometer nr:  5
Densitet: 1,67 t/m3 Vattenkvot: 61 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
ε [%] cv
 [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\a16_476.txt 2016-05-25
σ'c, kPa ML, kPa σ'L, kPa M' cv, min, m
2/s ki , m/s βk




























Sektion/borrhål: 16B40 Djup: 3,0 m Ödometer nr:  5
Densitet: 1,67 t/m3 Vattenkvot: 61 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
ε [%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\a16_476.txt 2016-05-25
σ'c, kPa ML, kPa σ'L, kPa













































Sektion/borrhål: 16B40 Djup: 3,0 m Ödometer nr:  5
Densitet: 1,67 t/m3 Vattenkvot: 61 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\a16_476.txt 2016-05-25




















Sektion/borrhål: 16B40 Djup: 5,0 m Ödometer nr:  1
Densitet: 1,68 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 16B40 Djup: 5,0 m Ödometer nr:  1
Densitet: 1,68 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
ε [%] cv
 [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_480.txt 2016-05-25
σ'c, kPa ML, kPa σ'L, kPa M' cv, min, m
2/s ki , m/s βk




























Sektion/borrhål: 16B40 Djup: 5,0 m Ödometer nr:  1
Densitet: 1,68 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
ε [%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_480.txt 2016-05-25
σ'c, kPa ML, kPa σ'L, kPa













































Sektion/borrhål: 16B40 Djup: 5,0 m Ödometer nr:  1
Densitet: 1,68 t/m3 Vattenkvot: 54 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_480.txt 2016-05-25




















Sektion/borrhål: 16B46 Djup: 2,5 m Ödometer nr:  3
Densitet: 1,75 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 16B46 Djup: 2,5 m Ödometer nr:  3
Densitet: 1,75 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
ε [%] cv
 [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_481.txt 2016-05-26
σ'c, kPa ML, kPa σ'L, kPa M' cv, min, m
2/s ki , m/s βk




























Sektion/borrhål: 16B46 Djup: 2,5 m Ödometer nr:  3
Densitet: 1,75 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
ε [%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_481.txt 2016-05-26
σ'c, kPa ML, kPa σ'L, kPa













































Sektion/borrhål: 16B46 Djup: 2,5 m Ödometer nr:  3
Densitet: 1,75 t/m3 Vattenkvot: 51 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_481.txt 2016-05-26




















Sektion/borrhål: 16B46 Djup: 4,0 m Ödometer nr:  2
Densitet: 1,69 t/m3 Vattenkvot: 56 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 16B46 Djup: 4,0 m Ödometer nr:  2
Densitet: 1,69 t/m3 Vattenkvot: 56 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
ε [%] cv
 [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_485.txt 2016-05-26
σ'c, kPa ML, kPa σ'L, kPa M' cv, min, m
2/s ki , m/s βk





























Sektion/borrhål: 16B46 Djup: 4,0 m Ödometer nr:  2
Densitet: 1,69 t/m3 Vattenkvot: 56 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
ε [%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_485.txt 2016-05-26
σ'c, kPa ML, kPa σ'L, kPa













































Sektion/borrhål: 16B46 Djup: 4,0 m Ödometer nr:  2
Densitet: 1,69 t/m3 Vattenkvot: 56 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_485.txt 2016-05-26




















Sektion/borrhål: 16B46 Djup: 6,0 m Ödometer nr:  4
Densitet: 1,79 t/m3 Vattenkvot: 52 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
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Sektion/borrhål: 16B46 Djup: 6,0 m Ödometer nr:  4
Densitet: 1,79 t/m3 Vattenkvot: 52 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
ε [%] cv
 [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_486.txt 2016-05-26
σ'c, kPa ML, kPa σ'L, kPa M' cv, min, m
2/s ki , m/s βk




























Sektion/borrhål: 16B46 Djup: 6,0 m Ödometer nr:  4
Densitet: 1,79 t/m3 Vattenkvot: 52 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
ε [%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, σ'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_486.txt 2016-05-26
σ'c, kPa ML, kPa σ'L, kPa













































Sektion/borrhål: 16B46 Djup: 6,0 m Ödometer nr:  4
Densitet: 1,79 t/m3 Vattenkvot: 52 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 Stockholm, Tel 08-695 60 00, Fax 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, Ingår i SWECO Civil AB
P:\2172\Uppdrag 2016\30056\b16_486.txt 2016-05-26


















Sektion/borrhål: 30 Djup: 2,0 m Ödometer nr:  1
Densitet: 1,76 t/m3 Vattenkvot: 50 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
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Sektion/borrhål: 30 Djup: 2,0 m Ödometer nr:  1
Densitet: 1,76 t/m3 Vattenkvot: 50 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, ingår i SWECO Infrastructure AB
P:\2172\Uppdrag 2011\23720\a11_361.txt 2011-12-21
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek



























Sektion/borrhål: 30 Djup: 2,0 m Ödometer nr:  1
Densitet: 1,76 t/m3 Vattenkvot: 50 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, ingår i SWECO Infrastructure AB
P:\2172\Uppdrag 2011\23720\a11_361.txt 2011-12-21
V'c, kPa ML, kPa V'L, kPa












































Sektion/borrhål: 30 Djup: 2,0 m Ödometer nr:  1
Densitet: 1,76 t/m3 Vattenkvot: 50 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, ingår i SWECO Infrastructure AB
P:\2172\Uppdrag 2011\23720\a11_361.txt 2011-12-21



















Sektion/borrhål: 30 Djup: 3,0 m Ödometer nr:  2
Densitet: 1,72 t/m3 Vattenkvot: 53 % Provningstemp.: 20 oC Provdiameter:  50 mm








Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
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Sektion/borrhål: 30 Djup: 3,0 m Ödometer nr:  2
Densitet: 1,72 t/m3 Vattenkvot: 53 % Provningstemp.: 20 oC Provdiameter:  50 mm




Redovisning av ödometerförsök, CRS-försök
H[%] cv [m2/s]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av cv och k har korrektion utförts
så att värdena motsvarar en temperatur av 7 oC. Utrustningens egendeformation är beaktad. För utvärdering se bilagda diagram sid 2 - 4.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, ingår i SWECO Infrastructure AB
P:\2172\Uppdrag 2011\23720\a11_362.txt 2011-12-21
V'c, kPa ML, kPa V'L, kPa M' cv, min, m2/s ki , m/s Ek



























Sektion/borrhål: 30 Djup: 3,0 m Ödometer nr:  2
Densitet: 1,72 t/m3 Vattenkvot: 53 % Provningstemp.: 20 oC Provdiameter:  50 mm




Utvärdering av förkonsolideringstryck och linjär modul
H[%]
Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Utrustningens egendeformation är beaktad.
Effektivt vertikaltryck, V'v, [kPa]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, ingår i SWECO Infrastructure AB
P:\2172\Uppdrag 2011\23720\a11_362.txt 2011-12-21
V'c, kPa ML, kPa V'L, kPa












































Sektion/borrhål: 30 Djup: 3,0 m Ödometer nr:  2
Densitet: 1,72 t/m3 Vattenkvot: 53 % Provningstemp.: 20 oC Provdiameter:  50 mm






Försöket är utfört och utvärderat enligt Svensk Standard SS 027126. Vid utvärdering av permeabiliteten k har 
korrektion utförts så att värdena motsvarar en temperatur av 7 oC.
Permeabilitet, k, [m/s]
SWECO GEOLAB, Gjörwellsgatan 22, Box 34044
100 26 STOCKHOLM, Tel: 08-695 60 00, Fax: 08-695 63 60
geolab@sweco.se, www.sweco.se/geolab, ingår i SWECO Infrastructure AB
P:\2172\Uppdrag 2011\23720\a11_362.txt 2011-12-21










ki , m/s Ek
4,6E-10 1,5
Bilaga 2, sid19(60)
Properties of made ground








Settlements in the clay:
Filling 1m                     Filling 1,5m                       Filling 2m               Filling 3m
Depth Depth Depth Depth Depth
0,7 0,7 0,7 0,7 0,7
1 1 1 1 1
2 0,008 2 0,064 2 0,148 2 0,209 2 0,283
4 0,071 4 0,150 4 0,229 4 0,309 4 0,438
6 0,006 6 0,013 6 0,095 6 0,178 6 0,309
8 0,006 8 0,043 8 0,083 8 0,123 8 0,190
9,3 9,3 9,3 9,3 9,3
S (m): 0,091 0,270 0,556 0,819 1,220
2
CGI










NR OF PAGES PAGE NR
2:1-method
Without load distribution in the layer
PROJECT
Depth Soil type h
Contribute to 
settlements? Yes or 
no
ρ σ'c σ'L ML M0 M' a τfu
WL τfed
0,7 no 1,9
1 0 no 1,75
2 2 yes 1,64 38 52 224 2401 14,9 36,97 9,7 49 9,15
4 2 yes 1,66 39 83 240 3375 18 69,67 10 43 10,00
6 2 yes 1,66 70 96 230 3315 20,4 84,73 12 47 11,53
8 2,3 yes 1,69 75 106 544 3713 20,2 79,07 15 49 14,14
9,3 no 1,9
Clay thickness 8,3






2 Very loose clay 262,5
4 Very loose clay 337,5
6 Very loose clay 287,5




Depth sv0 u s'v0 s'c s'L OCR
0,70 13,30 0,00 13,30
1,00 18,55 0,00 18,55
2,00 34,95 10,00 24,95 38,00 52,00 1,523
4,00 67,95 30,00 37,95 39,00 83,00 1,028
6,00 101,15 50,00 51,15 70,00 96,00 1,369
8,00 134,65 70,00 64,65 75,00 106,00 1,16





Level of the ground water (m under ground)



















NR OF PAGES PAGE NR























After how long do you want to know the settlements 3,9E-09
574 months 1E-08
After what time do you have 50 % settlements
Time in months Times in year
179 15
Mean Cv
Consolidation after 574 months = 90 %


























































Properties of made ground








Settlements in the clay:
Filling 1m                     Filling 1,5m                       Filling 2m               Filling 3m
Depth Depth Depth Depth Depth
0,6 0,6 0,6 0,6 0,6
2 0,002 2 0,003 2 0,005 2 0,006 2 0,010
3 0,003 3 0,007 3 0,032 3 0,075 3 0,160
4 0,003 4 0,012 4 0,022 4 0,032 4 0,052
4,3 4,3 4,3 4,3 4,3








Calculation of the settlements




NR OF PAGES PAGE NR
2:1-method
Without load distribution in the layer
PROJECT
Depth Soil type h
Contribute to 
settlements? Yes or 
no
ρ σ'c σ'L ML M0 M' a τfu
WL τfed
0,6 no 1,9
2 1,9 yes 1,84 285 421 4041 11386 13,2 114,9 46 49 43,37
3 1 yes 1,69 68 106 223 2803 17,7 93,4 12 50 11,21
4 0,8 yes 1,7 62 134 760 2798 16,9 89,03 15 60 12,91
4,3 no 1,9
Clay thickness 3,7





2 Mean dense clay 262,5
3 Very loose clay 250




Depth sv0 u s'v0 s'c s'L OCR
0,60 11,40 0,00 11,40
2,00 37,16 0,00 37,16 285,00 421,00 7,67
3,00 54,81 10,00 44,81 68,00 106,00 1,518
4,00 71,76 20,00 51,76 62,00 134,00 1,198















Level of the ground water (m under ground)







NR OF PAGES PAGE NR
























After how long do you want to know the settlements
60 months
After what time do you have 50 % settlements
Time in months Times in year
19 2
Mean Cv
Consolidation after 60 months = 90 %


























































Properties of made ground








Settlements in the clay:
Filling 1m                     Filling 1,5m                       Filling 2m               Filling 3m
Depth Depth Depth Depth Depth
2 2 2 2 2
2,5 0,002 2,5 0,005 2,5 0,007 2,5 0,010 2,5 0,032
4 0,008 4 0,045 4 0,083 4 0,120 4 0,186
6 0,007 6 0,013 6 0,027 6 0,109 6 0,254
8 8 8 8 8
S (m): 0,017 0,064 0,117 0,238 0,473
2
CGI










NR OF PAGES PAGE NR
2:1-method
Without load distribution in the layer
PROJECT
Depth Soil type h
Contribute to 
settlements? Yes or 
no
ρ σ'c σ'L ML M0 M' a τfu
WL τfed
2 no 1,8
2,5 1,25 yes 1,75 83 135 802 4973 16,4 86,1 19 48 18,08
4 1,75 yes 1,69 59 94 446 3783 12,4 58,03 13 46 12,61
6 3 yes 1,79 93 111 349 4245 14,7 87,26 12 42 12,13
8 no 1,9
Clay thickness 6





2,5 Loose clay 275
4 Loose clay 300




Depth sv0 u s'v0 s'c s'L OCR
2,00 36,00 0,00 36,00
2,50 44,75 5,00 39,75 83,00 135,00 2,088
4,00 70,55 20,00 50,55 59,00 94,00 1,167
6,00 105,35 40,00 65,35 93,00 111,00 1,423
8,00 141,15 60,00 81,15
Normal/lightly overconsolidated
Consolidation
Level of the ground water (m under ground)



















NR OF PAGES PAGE NR























After how long do you want to know the settlements
309 months
After what time do you have 50 % settlements
Time in months Times in year
97 8
Mean Cv
Consolidation after 309 months = 89 %


























































Properties of made ground








Settlements in the clay:
Filling 1m                     Filling 1,5m                       Filling 2m               Filling 3m
Depth Depth Depth Depth Depth
0,5 0,5 0,5 0,5 0,5
1,2 1,2 1,2 1,2 1,2
2 0,004 2 0,018 2 0,054 2 0,090 2 0,149
3 0,006 3 0,050 3 0,095 3 0,141 3 0,217
4,5 4,5 4,5 4,5 4,5
S (m): 0,010 0,068 0,149 0,231 0,366
2
CGI










NR OF PAGES PAGE NR
2:1-method
Without load distribution in the layer
PROJECT
Depth Soil type h
Contribute to 
settlements? Yes or 
no r s'c s'L ML M0 M' a tfu WL tred
0,5 no 1,8
1,2 0 no 1,8
2 1,3 yes 1,76 42 67 339 2895 15 44,4 9 44 8,91
3 2 yes 1,72 43 75 418 3062 15,6 48,21 10 45 9,80
4,5 no 1,9
Clay thickness 3,3






2 Very loose clay 325




Depth sv0 u s'v0 s'c s'L OCR
0,50 9,00 0,00 9,00
1,20 21,60 2,00 19,60
2,00 35,68 10,00 25,68 42,00 67,00 1,636
3,00 53,08 20,00 33,08 43,00 75,00 1,3
4,50 78,88 35,00 43,88
Over consolidated
Consolidation
Level of the ground water (m under ground)

















NR OF PAGES PAGE NR
























After how long do you want to know the settlements
12 months
After what time do you have 50 % settlements
Time in months Times in year
13 1
Mean Cv
Consolidation after 12 months = 48 %



























































Point No 1, <Enter description of calculation point here>
Time [years]Displacement [m]Depth [m]
100,00000,2580,00
Page 2 (8)
GeoSuite Settlement, version: 15.0.1.0
2016-06-02 13:47
14W44
Displacement versus Time - Graph
Displacement versus Time - Graph for Point No 1, <Enter description of
calculation point here>
Page 8 (8)




Point No 1, <Enter description of calculation point here>
Time [years]Displacement [m]Depth [m]
100,00000,5230,00
Page 2 (8)
GeoSuite Settlement, version: 15.0.1.0
2016-06-02 13:49
14W44
Displacement versus Time - Graph
Displacement versus Time - Graph for Point No 1, <Enter description of
calculation point here>
Page 8 (8)




Point No 1, <Enter description of calculation point here>
Time [years]Displacement [m]Depth [m]
100,00000,7780,00
Page 2 (8)
GeoSuite Settlement, version: 15.0.1.0
2016-06-02 13:50
14W44
Displacement versus Time - Graph
Displacement versus Time - Graph for Point No 1, <Enter description of
calculation point here>
Page 8 (8)




Point No 1, <Enter description of calculation point here>
Time [years]Displacement [m]Depth [m]
100,00001,1900,00
Page 2 (8)
GeoSuite Settlement, version: 15.0.1.0
2016-06-02 13:52
14W44
Displacement versus Time - Graph
Displacement versus Time - Graph for Point No 1, <Enter description of
calculation point here>
Page 8 (8)




Point No 1, <Enter description of calculation point here>
Time [years]Displacement [m]Depth [m]
100,00000,0340,00
Page 2 (8)
GeoSuite Settlement, version: 15.0.1.0
2016-06-02 13:45
14W17
Displacement versus Time - Graph
Displacement versus Time - Graph for Point No 1, <Enter description of
calculation point here>
Page 8 (8)




Point No 1, <Enter description of calculation point here>
Time [years]Displacement [m]Depth [m]
100,00000,0760,00
Page 2 (8)
GeoSuite Settlement, version: 15.0.1.0
2016-06-02 13:44
14W17
Displacement versus Time - Graph
Displacement versus Time - Graph for Point No 1, <Enter description of
calculation point here>
Page 8 (8)




Point No 1, <Enter description of calculation point here>
Time [years]Displacement [m]Depth [m]
100,00000,1300,00
Page 2 (8)
GeoSuite Settlement, version: 15.0.1.0
2016-06-02 13:43
14W17
Displacement versus Time - Graph
Displacement versus Time - Graph for Point No 1, <Enter description of
calculation point here>
Page 8 (8)
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14W44
GWT (m) 1 h (m) ρ (t/m^3) σ´C (kPa) ML (kPa) σ´L (kPa) M´ M0 (kPa) MCOL (kPa) τCOL (kPa)
diameter col. (m) 0.6 1 1.9 0 0 0 0 0 0 0
cv 0.0000000073 2 0.64 38 224 52 14.9 2401 7500 100
k col / k clay 500 2 0.66 39 240 83 18 3375 7500 100
Creep strength 0.65 2 0.66 70 230 96 20.4 3315 7500 100
Δq1 0.1 2.3 0.69 75 544 106 20.2 3713 7500 100
Lenght col. (m) 8.3 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
c 1 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
0.8 0.442 20 30 40 10 5.21
0.0000 0.0000 0.0000 20 11.03
0.0087 0.0131 0.0195 30 17.64
0.0118 0.0177 0.0237 40 25.26
0.0078 0.0115 0.0177 50 34.27
0.0104 0.0165 0.0225 60 45.31
0.0000 0.0000 0.0000 70 59.53
0.0000 0.0000 0.0000 80 79.58
0.0000 0.0000 0.0000 90 113.85
0.0000 0.0000 0.0000 99 227.70
0.0000 0.0000 0.0000
Settlements 0.039 0.059 0.083
14W44
c 2 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1 0.283 20 30 40 10 12.66
0.0000 0.0000 0.0000 20 26.81
0.0105 0.0187 0.0274 30 42.86
0.0174 0.0256 0.0349 40 61.39
0.0089 0.0159 0.0244 50 83.29
0.0134 0.0222 0.0317 60 110.11
0.0000 0.0000 0.0000 70 144.68
0.0000 0.0000 0.0000 80 193.40
0.0000 0.0000 0.0000 90 276.70
0.0000 0.0000 0.0000 99 553.40
0.0000 0.0000 0.0000
Settlements 0.050 0.082 0.118
c 3(m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1.2 0.196 20 30 40 10 23.74
0.0000 0.0000 0.0000 20 50.27
0.0135 0.0257 0.0373 30 80.35
0.0233 0.0358 0.0472 40 115.08
0.0097 0.0199 0.0318 50 156.15
0.0169 0.0290 0.0406 60 206.42
0.0000 0.0000 0.0000 70 271.23
0.0000 0.0000 0.0000 80 362.57
0.0000 0.0000 0.0000 90 518.72
0.0000 0.0000 0.0000 99 1037.44
0.0000 0.0000 0.0000













































































GWT (m) 2 h (m) ρ (t/m^3) σ´C (kPa) ML (kPa) σ´L (kPa) M´ M0 (kPa) MCOL (kPa) τCOL (kPa)
diameter col. (m) 0.6 2 1.9 285 4041 421 13.2 11386 7500 100
cv 0.0000000139 1 0.84 68 223 106 17.7 2803 7500 100
k col / k clay 500 0.8 0.69 62 760 134 16.9 2798 7500 100
Creep strength 0.65 0 0 0 0 0 0 0 0 0
Δq1 0.1 0 0 0 0 0 0 0 0 0
Lenght col. (m) 3.8 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
c 1 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
0.8 0.442 20 30 40 10 1.23
0.0000 0.0000 0.0000 20 2.60
0.0041 0.0061 0.0082 30 4.15
0.0033 0.0052 0.0075 40 5.94
0.0000 0.0000 0.0000 50 8.06
0.0000 0.0000 0.0000 60 10.66
0.0000 0.0000 0.0000 70 14.01
0.0000 0.0000 0.0000 80 18.72
0.0000 0.0000 0.0000 90 26.79
0.0000 0.0000 0.0000 99 53.57
0.0000 0.0000 0.0000
Settlements 0.007 0.011 0.016
14W17
c 2 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1 0.283 20 30 40 10 3.62
0.0000 0.0000 0.0000 20 7.66
0.0048 0.0073 0.0098 30 12.25
0.0039 0.0070 0.0100 40 17.54
0.0000 0.0000 0.0000 50 23.80
0.0000 0.0000 0.0000 60 31.46
0.0000 0.0000 0.0000 70 41.34
0.0000 0.0000 0.0000 80 55.26
0.0000 0.0000 0.0000 90 79.06
0.0000 0.0000 0.0000 99 158.13
0.0000 0.0000 0.0000
Settlements 0.009 0.014 0.020
c 3(m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1.2 0.196 20 30 40 10 7.57
0.0000 0.0000 0.0000 20 16.04
0.0054 0.0080 0.0129 30 25.64
0.0048 0.0086 0.0124 40 36.72
0.0000 0.0000 0.0000 50 49.83
0.0000 0.0000 0.0000 60 65.87
0.0000 0.0000 0.0000 70 86.55
0.0000 0.0000 0.0000 80 115.70
0.0000 0.0000 0.0000 90 165.53
0.0000 0.0000 0.0000 99 331.06
0.0000 0.0000 0.0000










































































GWT (m) 1 h (m) ρ (t/m^3) σ´C (kPa) ML (kPa) σ´L (kPa) M´ M0 (kPa) MCOL (kPa) τCOL (kPa)
diameter col. (m) 0.6 1.2 1.9 0 0 0 0 0 0 0
cv 0.0000000156 1.6 0.76 42 339 67 15 2895 7500 100
k col / k clay 500 1.7 0.73 43 418 75 15.6 3062 7500 100
Creep strength 0.65 0 0 0 0 0 0 0 0 0
Δq1 0.1 0 0 0 0 0 0 0 0 0
Lenght col. (m) 3.3 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
c 1 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
0.8 0.442 20 30 40 10 1.00
0.0000 0.0000 0.0000 20 2.13
0.0065 0.0104 0.0155 30 3.40
0.0088 0.0139 0.0190 40 4.87
0.0000 0.0000 0.0000 50 6.61
0.0000 0.0000 0.0000 60 8.73
0.0000 0.0000 0.0000 70 11.48
0.0000 0.0000 0.0000 80 15.34
0.0000 0.0000 0.0000 90 21.95
0.0000 0.0000 0.0000 99 43.90
0.0000 0.0000 0.0000
Settlements 0.015 0.024 0.035
30
c 2 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1 0.283 20 30 40 10 3.05
0.0000 0.0000 0.0000 20 6.45
0.0078 0.0144 0.0216 30 10.32
0.0134 0.0202 0.0276 40 14.77
0.0000 0.0000 0.0000 50 20.05
0.0000 0.0000 0.0000 60 26.50
0.0000 0.0000 0.0000 70 34.82
0.0000 0.0000 0.0000 80 46.55
0.0000 0.0000 0.0000 90 66.60
0.0000 0.0000 0.0000 99 133.20
0.0000 0.0000 0.0000
Settlements 0.021 0.035 0.049
c 3(m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1.2 0.196 20 30 40 10 6.46
0.0000 0.0000 0.0000 20 13.69
0.0099 0.0187 0.0281 30 21.89
0.0178 0.0270 0.0366 40 31.34
0.0000 0.0000 0.0000 50 42.53
0.0000 0.0000 0.0000 60 56.22
0.0000 0.0000 0.0000 70 73.87
0.0000 0.0000 0.0000 80 98.75
0.0000 0.0000 0.0000 90 141.28
0.0000 0.0000 0.0000 99 282.57
0.0000 0.0000 0.0000











































































GWT (m) 2 h (m) ρ (t/m^3) σ´C (kPa) ML (kPa) σ´L (kPa) M´ M0 (kPa) MCOL (kPa) τCOL (kPa)
diameter col. (m) 0.6 2 1.9 0 0 0 0 0 0 0
cv 0.0000000071 1.5 0.75 83 802 135 16.4 4973 7500 100
k col / k clay 500 2 0.69 59 446 94 12.4 3783 7500 100
Creep strength 0.65 2.5 0.79 93 349 111 14.7 4245 7500 100
Δq1 0.1 0 0 0 0 0 0 0 0 0
Lenght col. (m) 6 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
c 1 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
0.8 0.442 20 30 40 10 3.59
0.0000 0.0000 0.0000 20 7.60
0.0049 0.0074 0.0098 30 12.15
0.0104 0.0160 0.0216 40 17.41
0.0088 0.0143 0.0207 50 23.62
0.0000 0.0000 0.0000 60 31.23
0.0000 0.0000 0.0000 70 41.03
0.0000 0.0000 0.0000 80 54.85
0.0000 0.0000 0.0000 90 78.47
0.0000 0.0000 0.0000 99 156.94
0.0000 0.0000 0.0000
Settlements 0.024 0.038 0.052
16B46
c 2 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1 0.283 20 30 40 10 9.49
0.0000 0.0000 0.0000 20 20.09
0.0053 0.0079 0.0106 30 32.11
0.0150 0.0231 0.0312 40 45.99
0.0097 0.0178 0.0278 50 62.41
0.0000 0.0000 0.0000 60 82.50
0.0000 0.0000 0.0000 70 108.40
0.0000 0.0000 0.0000 80 144.91
0.0000 0.0000 0.0000 90 207.31
0.0000 0.0000 0.0000 99 414.63
0.0000 0.0000 0.0000
Settlements 0.030 0.049 0.070
c 3(m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1.2 0.196 20 30 40 10 18.73
0.0000 0.0000 0.0000 20 39.66
0.0055 0.0082 0.0110 30 63.39
0.0194 0.0306 0.0417 40 90.79
0.0103 0.0213 0.0356 50 123.19
0.0000 0.0000 0.0000 60 162.85
0.0000 0.0000 0.0000 70 213.98
0.0000 0.0000 0.0000 80 286.04
0.0000 0.0000 0.0000 90 409.23
0.0000 0.0000 0.0000 99 818.47
0.0000 0.0000 0.0000














































































GWT (m) 1.5 h (m) ρ (t/m^3) σ´C (kPa) ML (kPa) σ´L (kPa) M´ M0 (kPa) MCOL (kPa) τCOL (kPa)
diameter col. (m) 0.6 1.5 1.9 0 0 0 0 0 0 0
cv 0.0000000116 1 0.76 130 3343 314 10.2 5465 7500 100
k col / k clay 500 1.5 0.67 52 313 73 16.2 2563 7500 100
Creep strength 0.65 1.8 0.68 58 252 77 16.2 3713 7500 100
Δq1 0.1 0 0 0 0 0 0 0 0 0
Lenght col. (m) 4.3 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
c 1 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
0.8 0.442 20 30 40 10 1.60
0.0000 0.0000 0.0000 20 3.40
0.0031 0.0047 0.0063 30 5.43
0.0063 0.0109 0.0152 40 7.77
0.0092 0.0143 0.0194 50 10.55
0.0000 0.0000 0.0000 60 13.94
0.0000 0.0000 0.0000 70 18.32
0.0000 0.0000 0.0000 80 24.49
0.0000 0.0000 0.0000 90 35.04
0.0000 0.0000 0.0000 99 70.08
0.0000 0.0000 0.0000
Settlements 0.019 0.030 0.041
16B40
c 2 (m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1 0.283 20 30 40 10 4.61
0.0000 0.0000 0.0000 20 9.75
0.0033 0.0050 0.0066 30 15.59
0.0084 0.0150 0.0210 40 22.33
0.0126 0.0206 0.0286 50 30.30
0.0000 0.0000 0.0000 60 40.05
0.0000 0.0000 0.0000 70 52.62
0.0000 0.0000 0.0000 80 70.35
0.0000 0.0000 0.0000 90 100.64
0.0000 0.0000 0.0000 99 201.29
0.0000 0.0000 0.0000
Settlements 0.024 0.041 0.056
c 3(m) a Load 1 (kPa) SM (m) Load 2 (kPa) SM (m) Load 3 (kPa) SM (m) U (%) time (days)
1.2 0.196 20 30 40 10 9.51
0.0000 0.0000 0.0000 20 20.15
0.0034 0.0051 0.0068 30 32.20
0.0109 0.0192 0.0282 40 46.12
0.0169 0.0276 0.0383 50 62.58
0.0000 0.0000 0.0000 60 82.72
0.0000 0.0000 0.0000 70 108.70
0.0000 0.0000 0.0000 80 145.30
0.0000 0.0000 0.0000 90 207.88
0.0000 0.0000 0.0000 99 415.76
0.0000 0.0000 0.0000












































































H Eff.dens Sigma'C ML Sigma'L M' M0 Tau-pel Mpel
m t/m3 kPa kPa kPa kPa kPa kPa kPa
1 1.9 30 10000 40 30 12000 100 7500
2 0.64 38 224 52 14.9 2401 100 7500
2 0.66 39 240 83 18 3375 100 7500
2 0.66 70 230 96 20.4 3315 100 7500
2.3 0.69 75 544 106 20.2 3713 100 7500
GWT 1 m
Columns diameter 0.6 m
Columns length 9.3 m
Creep strength 0.65
Cvh 0.0000000073 m^2/s
k columns / k clay 500
Double drainage
c 0.8m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 11700 100 7500 20 6.88 0.01 0 0
2 25.4 35.4 2401 100 7500 20 14.22 0.01 0 0.01
2 38.4 68.4 338 100 7500 20 18.93 0.01 0 0.01
2 51.6 101.6 3315 100 7500 20 12.81 0.01 0 0.01
2.3 66.14 137.63 2280 100 7500 20 14.45 0.01 0 0.01
Total Settl. 0.04 m
c 0.8m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 11084 100 7500 30 10.31 0.01 0 0
2 25.4 35.4 1887 100 7500 30 22.76 0.02 0 0.01
2 38.4 68.4 305 100 7500 30 28.54 0.02 0 0.02
2 51.6 101.6 3146 100 7500 30 19.69 0.02 0 0.01
2.3 66.14 137.63 1606 100 7500 30 23.61 0.02 0 0.02
Total Settl. 0.062 m
c 0.8m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 10882 100 7500 40 13.75 0.01 0 0
2 25.4 35.4 1395 100 7500 40 32.4 0.02 0 0.02
2 38.4 68.4 288 100 7500 40 38.14 0.02 0 0.02
2 51.6 101.6 2151 100 7500 40 29.3 0.02 0 0.02
2.3 66.14 137.63 1309 100 7500 40 32.77 0.03 0 0.02
Total Settl. 0.087 m
c 1 Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 11776 100 7500 20 3.75 0.01 0 0
2 25.4 35.4 2401 100 7500 20 11.09 0.02 0 0.01
2 38.4 68.4 305 100 7500 20 18.13 0.02 0 0.02
2 51.6 101.6 3315 100 7500 20 9.38 0.02 0 0.01
2.3 66.14 137.63 1845 100 7500 20 12.3 0.02 0 0.01
Total Settl. 0.052 m
c 1m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 11170 100 7500 30 6.56 0.01 0 0
2 25.4 35.4 1422 100 7500 30 20.27 0.03 0 0.02
2 38.4 68.4 283 100 7500 30 27.36 0.03 0 0.03
2 51.6 101.6 2432 100 7500 30 16.44 0.03 0 0.02
2.3 66.14 137.63 1315 100 7500 30 20.74 0.03 0 0.02
Total Settl. 0.086 m
c 1m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 10919 100 7500 40 8.75 0.02 0 0
2 25.4 35.4 1045 100 7500 40 29.57 0.04 0 0.03
2 38.4 68.4 272 100 7500 40 36.64 0.04 0 0.03
2 51.6 101.6 1632 100 7500 40 25.7 0.04 0 0.02
2.3 66.14 137.63 1095 100 7500 40 29.22 0.04 0 0.03
Total Settl. 0.122 m
c 1.2 Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 11861 100 7500 20 2.5 0.01 0 0
2 25.4 35.4 1981 100 7500 20 9.65 0.03 0 0.01
2 38.4 68.4 288 100 7500 20 17.3 0.03 0 0.02
2 51.6 101.6 3315 100 7500 20 7.19 0.03 0 0.01
2.3 66.14 137.63 1585 100 7500 20 10.74 0.03 0 0.02
Total Settl. 0.064 m
c 1.2m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 11193 100 7500 29.31 4.22 0.02 0 0
2 25.4 35.4 1128 100 7500 30 18.54 0.04 0 0.03
2 38.4 68.4 271 100 7500 30 26.13 0.04 0 0.04
2 51.6 101.6 1965 100 7500 30 14.41 0.04 0 0.02
2.3 66.14 137.63 1150 100 7500 30 18.46 0.05 0 0.03
Total Settl. 0.112 m
c 1.2m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1 9.5 9.5 10929 100 7500 31.24 5.63 0.02 0 0
2 25.4 35.4 836 100 7500 39.25 27.46 0.05 0 0.04
2 38.4 68.4 263 100 7500 40 34.96 0.05 0 0.05
2 51.6 101.6 1314 100 7500 40 23.32 0.05 0 0.03
2.3 66.14 137.63 971 100 7500 40 26.17 0.06 0 0.04
Total Settl. 0.161 m
c Consoldi. %
30 50 60 70 75 80 85 90 95 99
0.8 21 40 53 70 81 94 110 134 174 268
1 49 95 126 166 191 222 261 317 413 634
1.2 90 176 232 305 352 408 481 584 760 1168
14W17
H Eff.dens Sigma'C ML Sigma'L M' M0 Tau-pel Mpel
m t/m3 kPa kPa kPa kPa kPa kPa kPa
2 1.9 285 4041 421 13.2 11386 100 7500
1 0.84 68 223 106 17.7 2803 100 7500
0.8 0.69 62 760 134 16.9 2798 100 7500
GWT 2 m 
Columns diameter 0.6 m
Columns length 3.8 m
Creep strength 0.65
Cvh 0.0000000139 m^2/s
k columns / k clay 500
Double drainage
C 0.8 m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 20 6.88 0.01 0 0
1 42.2 47.2 2803 100 7500 20 13.75 0.01 0 0
0.8 49.16 63.16 2798 100 7500 20 13.75 0 0 0
Total Settl. 0.011 m
c 0.8 m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 30 10.31 0.02 0 0.01
1 42.2 47.2 2803 100 7500 30 20.39 0.01 0 0.01
0.8 49.16 63.16 2204 100 7500 30 22.03 0.01 0 0.01
Total Settl. 0.018 m
c 0.8 m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 40 13.75 0.02 0 0.01
1 42.2 47.2 2803 100 7500 40 27.19 0.01 0 0.01
0.8 49.16 63.16 1752 100 7500 40 30.78 0.01 0 0.01
Total Settl. 0.024 m
c 1 m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 20 4.06 0.02 0 0
1 42.2 47.2 2803 100 7500 20 10.31 0.01 0 0
0.8 49.16 63.16 2672 100 7500 20 10.63 0.01 0 0
Total s„ttning 0.013 m
c 1 m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 30 6.09 0.03 0 0.01
1 42.2 47.2 2803 100 7500 30 15.47 0.01 0 0.01
0.8 49.16 63.16 1827 100 7500 30 18.52 0.01 0 0.01
Total Settl. 0.02 m
c  1m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 40 8.13 0.04 0 0.01
1 42.2 47.2 2541 100 7500 40 21.33 0.02 0 0.01
0.8 49.16 63.16 1518 100 7500 40 26.56 0.02 0 0.01
Total Settl. 0.028 m
c 1.2 m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 20 2.81 0.03 0 0
1 42.2 47.2 2803 100 7500 20 7.81 0.01 0 0.01
0.8 49.16 63.16 2290 100 7500 20 8.75 0.01 0 0
Total Settl. 0.014 m
c 1.2 m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 30 4.22 0.04 0 0.01
1 42.2 47.2 2803 100 7500 30 11.72 0.02 0 0.01
0.8 49.16 63.16 1633 100 7500 30 15.94 0.02 0 0.01
Total Settl. 0.022 m
c 1.2 m m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 11386 100 7500 34.2 5.63 0.05 0 0.01
1 42.2 47.2 2120 100 7500 40 18.67 0.03 0 0.01
0.8 49.16 63.16 1360 100 7500 40 22.97 0.02 0 0.01
Total Settl. 0.032 m
Consolid. %
c (m) 30 50 60 70 75 80 85 90 95 99
0.8 4 8 11 14 16 19 22 27 35 54
1 12 24 31 41 48 55 65 79 103 158
1.2 26 50 66 86 100 116 136 165 215 331
30
H Eff.dens Sigma'C ML Sigma'L M' M0 Tau-pel Mpel
m t/m3 kPa kPa kPa kPa kPa kPa kPa
1.2 1.9 35 10000 50 50 12000 100 7500
1.6 0.76 42 339 67 15 2895 100 7500






k columns / k clay 500
Double drainage
c 0.8m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 12000 100 7500 20 6.88 0.01 0 0
1.6 28.88 36.88 2895 100 7500 20 13.44 0.01 0 0.01
1.7 41.17 65.67 711 100 7500 20 17.85 0.01 0 0.01
Total Settl. 0.018 m
c 0.8m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 11255 100 7500 30 10.31 0.01 0 0
1.6 28.88 36.88 2067 100 7500 30 22.27 0.01 0 0.01
1.7 41.17 65.67 610 100 7500 30 27.19 0.02 0 0.01
Total Settl. 0.029 m
c 0.8m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 10957 100 7500 40 13.75 0.01 0 0.01
1.6 28.88 36.88 1547 100 7500 40 31.72 0.02 0 0.02
1.7 41.17 65.67 563 100 7500 40 36.56 0.02 0 0.02
Total Settl. 0.039 m
c 1m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 12000 100 7500 20 3.75 0.01 0 0
1.6 28.88 36.88 2642 100 7500 20 10.47 0.02 0 0.01
1.7 41.17 65.67 621 100 7500 20 16.52 0.02 0 0.01
Total Settl. 0.024 m
c 1m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 11338 100 7500 30 6.09 0.02 0 0
1.6 28.88 36.88 1597 100 7500 30 19.45 0.02 0 0.01
1.7 41.17 65.67 552 100 7500 30 25.31 0.02 0 0.02
Total Settl. 0.038 m
c 1m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 11001 100 7500 40 8.44 0.02 0 0
1.6 28.88 36.88 1205 100 7500 40 28.44 0.03 0 0.02
1.7 41.17 65.67 517 100 7500 40 34.06 0.03 0 0.03
Total Settl. 0.053 m
c 1.2m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 12000 100 7500 20 2.5 0.02 0 0
1.6 28.88 36.88 2232 100 7500 20 9.02 0.02 0 0.01
1.7 41.17 65.67 570 100 7500 20 15.23 0.02 0 0.02
Total Settl. 0.03 m
c 1.2m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 11397 100 7500 29.92 4.22 0.02 0 0
1.6 28.88 36.88 1316 100 7500 30 17.46 0.03 0 0.02
1.7 41.17 65.67 518 100 7500 30 23.38 0.03 0 0.03
Total Settl. 0.049 m
c 1.2m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.2 11.4 11.4 11025 100 7500 31.83 5.63 0.03 0 0
1.6 28.88 36.88 998 100 7500 39.73 25.9 0.04 0 0.03
1.7 41.17 65.67 492 100 7500 40 31.56 0.05 0 0.04
Total Settl. 0.069 m
c (m) Consolid. %
30 50 60 70 75 80 85 90 95 99
0.8 4 8 11 14 16 19 22 27 35 54
1 12 23 31 40 46 54 63 77 100 153
1.2 24 47 63 82 95 110 130 158 205 315
16B46
H Eff.dens Sigma'C ML Sigma'L M' M0 Tau-pel Mpel
m t/m3 kPa kPa kPa kPa kPa kPa kPa
2 1.9 70 10000 90 30 12000 100 7500
1.5 0.75 83 802 135 16.4 4973 100 7500
2 0.69 59 446 94 12.4 3783 100 7500





Cvh 0.00000000706 m^2/s 
k columns / k clay 500
Double drainage
c 0.8m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 20 6.56 0.01 0 0
1.5 43.63 51.13 4973 100 7500 20 10.94 0.01 0 0
2 56.15 81.15 930 100 7500 20 17.3 0.01 0 0.01
2.5 72.93 120.43 4245 100 7500 20 11.56 0.02 0 0.01
Total Settl. 0.028 m
c 0.8m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 30 9.84 0.02 0 0.01
1.5 43.63 51.13 4973 100 7500 30 16.41 0.01 0 0.01
2 56.15 81.15 760 100 7500 30 26.6 0.02 0 0.02
2.5 72.93 120.43 3665 100 7500 30 18.63 0.02 0 0.01
Total Settl. 0.043 m
c 0.8m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 40 13.13 0.02 0 0.01
1.5 43.63 51.13 4973 100 7500 40 21.88 0.02 0 0.01
2 56.15 81.15 678 100 7500 40 35.9 0.02 0 0.02
2.5 72.93 120.43 2526 100 7500 40 28.07 0.03 0 0.02
Total Settl. 0.061 m
c 1m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 20 4.06 0.02 0 0
1.5 43.63 51.13 4973 100 7500 20 7.5 0.01 0 0.01
2 56.15 81.15 784 100 7500 20 15.82 0.02 0 0.01
2.5 72.93 120.43 4245 100 7500 20 8.13 0.02 0 0.01
Total Settl. 0.034 m
c 1m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 30 6.09 0.03 0 0.01
1.5 43.63 51.13 4973 100 7500 30 11.25 0.02 0 0.01
2 56.15 81.15 663 100 7500 30 24.49 0.03 0 0.02
2.5 72.93 120.43 2933 100 7500 30 15 0.04 0 0.02
Total Settl. 0.054 m
c 1m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 40 7.81 0.04 0 0.01
1.5 43.63 51.13 4973 100 7500 40 15 0.03 0 0.01
2 56.15 81.15 607 100 7500 40 33.2 0.04 0 0.03
2.5 72.93 120.43 1973 100 7500 40 23.95 0.05 0 0.03
Total Settl. 0.078 m
c 1.2m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 20 2.66 0.03 0 0
1.5 43.63 51.13 4973 100 7500 20 5.31 0.02 0 0.01
2 56.15 81.15 702 100 7500 20 14.45 0.03 0 0.02
2.5 72.93 120.43 4245 100 7500 20 6.09 0.03 0 0.01
Total Settl. 0.039 m
c 1.2m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 30 3.98 0.04 0 0.01
1.5 43.63 51.13 4973 100 7500 30 7.97 0.03 0 0.01
2 56.15 81.15 610 100 7500 30 22.5 0.04 0 0.03
2.5 72.93 120.43 2485 100 7500 30 12.77 0.05 0 0.02
Total Settl. 0.066 m
c 1.2m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
2 19 19 12000 100 7500 34.2 5.31 0.05 0 0.01
1.5 43.63 51.13 4973 100 7500 40 10.78 0.04 0 0.01
2 56.15 81.15 567 100 7500 40 30.55 0.05 0 0.04
2.5 72.93 120.43 1634 100 7500 40 21.17 0.07 0 0.04
Total Settl. 0.095 m
c (m) Consolid. %
30 50 60 70 75 80 85 90 95 99
0.8 17 34 44 58 67 78 92 112 145 224
1 42 83 109 143 165 192 226 274 357 548
1.2 80 156 206 270 311 361 426 517 673 1034
16B40
H Eff.dens Sigma'C ML Sigma'L M' M0 Tau-pel Mpel
m t/m3 kPa kPa kPa kPa kPa kPa kPa
1.5 1.9 200 10000 250 30 12000 100 7500
1 0.76 130 3343 314 10.2 5465 100 7500
1.5 0.67 52 313 73 16.2 2563 100 7500
1.8 0.68 58 252 77 16.2 3713 100 7500
GWT 1.5 m
Columns diameter 0.6 m
Columns length 5.8 m
Creep strength 0.65
Cvh 0.0000000116 m^2/s
k columns / k clay 500
Double drainage
c 0.8m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 20 6.88 0.01 0 0
1 32.3 37.3 5465 100 7500 20 10.63 0.01 0 0
1.5 41.13 58.63 2563 100 7500 20 14.06 0.01 0 0.01
1.8 52.27 86.27 1340 100 7500 20 16.33 0.01 0 0.01
Total Settl. 0.021 m
c 0.8m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 30 9.84 0.01 0 0
1 32.3 37.3 5465 100 7500 30 15.47 0.01 0 0
1.5 41.13 58.63 1666 100 7500 30 23.44 0.01 0 0.01
1.8 52.27 86.27 941 100 7500 30 25.93 0.02 0 0.01
Total Settl. 0.034 m
c 0.8m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 40 13.13 0.02 0 0.01
1 32.3 37.3 5465 100 7500 40 20.63 0.01 0 0.01
1.5 41.13 58.63 1271 100 7500 40 32.93 0.02 0 0.01
1.8 52.27 86.27 749 100 7500 40 35.51 0.02 0 0.02
Total Settl. 0.047 m
c 1m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 20 3.75 0.01 0 0
1 32.3 37.3 5465 100 7500 20 6.88 0.01 0 0
1.5 41.13 58.63 1991 100 7500 20 11.88 0.01 0 0.01
1.8 52.27 86.27 1003 100 7500 20 14.88 0.02 0 0.01
Total Settl. 0.028 m
c 1m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 30 6.09 0.02 0 0
1 32.3 37.3 5465 100 7500 30 10.31 0.01 0 0.01
1.5 41.13 58.63 1272 100 7500 30 20.92 0.02 0 0.01
1.8 52.27 86.27 721 100 7500 30 24.11 0.03 0 0.02
Total Settl. 0.045 m
c 1m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 40 8.13 0.03 0 0.01
1 32.3 37.3 5465 100 7500 40 14.06 0.02 0 0.01
1.5 41.13 58.63 993 100 7500 40 30 0.03 0 0.02
1.8 52.27 86.27 591 100 7500 40 33.32 0.03 0 0.03
Total Settl. 0.062 m
c 1.2m Q: 20 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 20 2.5 0.02 0 0
1 32.3 37.3 5465 100 7500 20 5 0.01 0 0
1.5 41.13 58.63 1662 100 7500 20 10.55 0.02 0 0.01
1.8 52.27 86.27 828 100 7500 20 13.83 0.02 0 0.02
Total Settl. 0.033 m
c 1.2m Q: 30 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 30 3.98 0.03 0 0
1 32.3 37.3 5465 100 7500 30 7.5 0.02 0 0.01
1.5 41.13 58.63 1044 100 7500 30 19.04 0.03 0 0.02
1.8 52.27 86.27 602 100 7500 30 22.62 0.04 0 0.03
Total Settl. 0.056 m
c 1.2m Q: 40 kPa
H Eff.tr Tot.tr Mlera Tpel Mpel Q1max/dQ Q1 S1 S2 SM
m kPa kPa kPa kPa kPa kPa kPa m m m
1.5 14.25 14.25 12000 100 7500 32.71 5.31 0.03 0 0.01
1 32.3 37.3 5465 100 7500 39.85 10 0.03 0 0.01
1.5 41.13 58.63 823 100 7500 40 27.62 0.04 0 0.03
1.8 52.27 86.27 503 100 7500 40 31.41 0.05 0 0.04
Total Settl. 0.079 m
c (m) Consolid. %
30 50 60 70 75 80 85 90 95 99
0.8 7 14 18 24 28 32 38 46 60 92
1 19 37 49 64 74 86 101 123 160 245
1.2 38 73 97 127 146 170 200 243 317 487
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